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Editor’s Foreword 


As the fifth volume in this series of basic science materials, 
Genes and the Man attempts to integrate the fields of repro- 
duction, genetics, and growth and development as they relate 
to human life. To understand an individual, whether animal 
or plant, we need to know how the hereditary pattern is 
formed at reproduction and how it reacts with environmental 
factors as growth and development of an organism take place. 
The course of development presents features which we can 
interpret only in the light of our racial past or in terms of the 
individual’s future needs. Therefore, the material here has 
been selected for its contribution toward building a concep- 
tion of the individual as an organism continuously growing 
and developing along lines laid down by the hereditary pat- 
tern but modifiable by external circumstances. 

Even though life begins with a hereditary pattern, we must 
realize that the interaction of this pattern with its environment 
determines the growth and development of the individual. 
On education devolves the guidance of development after the 
uniform environment of our prenatal days is replaced by a 
constantly changing and widely diverse one. Genes alone do 
not make the man. 

The author of this volume, Bentley Glass, is a successful 
teacher of biology and a fruit-fly geneticist. As a teacher he 
is at the same time a student of human relationships and has 


endeavored to apply the theory and the findings of his research 
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to the much broader and more difficult field of human genetics. 

The timeliness of its content because of its bearing upon 
current discussions of cultural conflict in relation to the 
hereditary nature of man makes the book of interest to lay- 
men as well as educators. However, it is designed primarily 
to increase the effectiveness with which educators serve society 
through the young people placed in their charge. 
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Turre are several textbooks on genetics, and it has not been 
my intention to add to their number. Rather, I have hoped 
to fill a gap of another kind. It appears to me important that 
we should conceive of human life in genetic terms, that we 
should understand the epic sweep of an individual’s growth 
and development up to maturity and the long years of slow 
decline thereafter, together with those tenuous physical bonds 
that link each generation with all before and after—that we 
should understand these, I repeat—by tracing them from their 
beginnings in protoplasm and the genes. Physiologists, deal- 
ing with perfected structures and functions, and geneticists, 
occupied with the behavior of chromosomes, have both been 
somewhat isolated from the embryologists. No doubt, this 
condition has existed because of the highly specialized train- 
ing necessary for a scientist to do fruitful work. Yet life is a 
whole. The genes and the chromosomes are important to us 
only because of the effects they produce during the course 
of growth and development; and the completed man is fully 
intelligible only as we perceive what has made him as he is. 
It is a startling fact that this theme, which surely ought to 
form the core of our teaching of general biology, is com- 
monly relegated to the rarefied zone inhabited solely by the 
specialist student of zoology. 

Throughout the realm of science the narrow, rigid bound- 


aries of specialized fields of subject matter are at last break- 
vii 
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ing dowh. The boundary between genetics and cytology has 
already disappeared, and it is now evident that embryology 
and physiology are beginning to enter the amalgam. As yet, 
however, this trend is apparent only in the more technical 
studies. In general education, compartmentalized biology con- 
tinues to gain ground. For these reasons this volume has been 
prepared to indicate a new outlook, not to present genetics, 
or cytology, or embryology, or physiology, or even a summary 
of all of them, but rather to describe the operation and inter- 
action of those factors which make the physical man, insofar 
as we know them or can reason about them today. 

This purpose may explain some features of the book that 
at first sight appear strange, such as the gaps in the treatment 
of his field that will strike the geneticist. Because the central 
theme is that of man's growth and development, plants are 
introduced only casually to indicate the universality of such 
phenomena as cell division and meiosis. 

To some extent, the relative proportions of the sections of 
the book have been determined by the availability of good 
general discussions of their subjects. Cell division (Chapter Т) 
and the genetic basis of sex (Chapter III) have been treated 
at considerable length because of the general inadequacy of 
discussions of these subjects, while the treatment of the 
mechanism of heredity, available in many excellent accounts, 
is here greatly condensed. The present account starts with 
the single cell which each of us once was, and examines the 
conditions of its growth and reproduction. The next two 
chapters provide the historical setting for that cell, tracing its 
continuity with the earlier generation of cells and of beings 
that have provided its heritage. Next follows an analysis of 
the nature of development, a study of the complex interac- 
tions of gene with gene, of genes with cytoplasm, of organic 
part with part, of whole with part, and of all these with the 
various aspects of their environment. Finally comes a descrip- 
tive account of development, culminating in maturity and 
sinking at last into senility and death. With each man there 
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perishes the unique assemblage of genes that along with the 
ever-varying environment made him what he was. But the 
genes themselves, cast into new arrays in the reproductive 


cells, are as immortal as life itself. 
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СНАРТЕК 1 UT TA? 
Life Begins—The Single Cell 


O understand a man, we must know as much as possible 

of his past life. "Today's actions and attitudes are rooted 
in early training; our childhood conceptions and beliefs, 
fashioned according to the pattern of our culture, persist in 
our adult behavior. This we all know. On the other hand, 
how few of us comprehend the nature of those fascinating 
and development which lie back of our 


processes of growth 
vithout this knowledge we can 


first conscious memories. Yet у 
no more understand ourselves as we are today than we can 
comprehend the nature of our society and government with- 
out knowing something of the story of the settling of Amer- 
ica, the Revolution, the Civil War, and the expanding 
frontier. 

The mold of our social life is set ere we come on the 
scene; we may conform or rebel. However, it seems more 
intelligent to learn what this mold is in the light of how 
it came to be. For, though set, it is not unalterable; slowly 
in good times, often swiftly in evil, it can be changed by the 
pressure of circumstance; and understanding, we may play 
our part. So it is with our individual growth and develop- 
ment, too. From our parents we receive a hereditary pattern 
which largely determines our physical and mental nature, 
and which in the course of its realization is modified by 
whatever situations we meet. Every characteristic of an in- 


dividual can result only from the interaction of hereditary 
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and environmental factors. The physical basis of our hered- 
ity is, indeed, determined from our life's beginning, but 
from that moment on our surroundings continuously exert 
their influence, sometimes strongly, sometimes with little ef- 
fect. The interplay of these contrasting factors is evident at 
every stage in the emergence of a man or a woman. 

As an individual develops, features appear which we can 
interpret only in the light of the past of our kind. Besides 
this, development commonly proceeds as though future 
needs were anticipated. As an embryo obviously can neither 
foresee its needs nor remember human history, such facts 
must mean that the racial pattern of heredity has itself been 
adapted to these needs, and very well adapted at that. 

Let us aim, therefore, to trace the interaction of the he- 
reditary pattern with the environment throughout the mount- 
ing complexities of growth and development, and, moreover; 
to interpret it in terms of our racial past and the goal of ma- 
ture fitness for the needs and activities of life. To unravel 
these myriad twisted and tangled threads, however, we must 
find their beginnings. What is the nature of an individual 
at the moment when his life begins? We can answer this only 
if we know in turn how an individual comes into existence. 
Our course must be first to treat the origin of the individual; 
next, his preformed nature, a matter of hereditary pattern. 
Only thereafter can we begin to describe and analyze the ac- 
tual processes of growth and development. 


SPONTANEOUS GENERATION MAY EXIST IN THE BORDERLAND 
BETWEEN THE LIVING AND THE INANIMATE, BUT IT OCCURS 
| NO HIGHER IN THE SCALE OF LIFE 


Only in modern times has there come a realization that 
all individuals originate from previously existing individ- 
uals of the same general kind. The ancients, including even 
Aristotle, commonly believed that the lower forms of life, 


especially parasites and “vermin,” sprang from slime Or 
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ote A, p. 48.) The idea that such 


putrefying nfatter. (See N 
ly was not even chal- 


living forms might generate spontaneous 
lenged until the seventeenth century, and for two hundred 
years thereafter men's ideas on this matter seemed to depend 
chiefly upon whether they were religious Or materialistic, or 
upon whether they leaned to one or another theory of re- 
production and development. (See Note B, р. 49) 

It was not until our North and South were locked in 
r that Pasteur and Tyndall performed the experi- 
ments which showed that even the minutest living organ- 
isms, the bacteria which are associated with processes of 
putrefaction in nutrient fluids, are not formed spontane- 
ously from inanimate matter. Like dust, these organisms 
air, settling slowly whenever the air becomes 
o fall into a solution furnishing an 


abundant food supply, each germ can, in a few hours, рго- 
duce hundreds of millions of its kind. But if the air to which 
such solutions are exposed has been completely still so long 
that all dust and bacteria have settled, or if the air i$ filtered 
through cotton plugs, no bacteria can reach the fluids. By 
boiling the nutrient solutions after the containers have been 


plugged or by bending the open necks so that no germs can 
enter, putrefaction can be prevented indefinitely. (See Note 


C, р. 50-) 

Probably no experiment has had 8 
welfare of mankind than this опе! It 
isolation and study of individual types 
elucidation of their relationship to disease; про: 
bacteriology and medicine are founded. It has made possible 
the preservation of sterile conditions during operations, and 
thus surgery -elieved of its once frightful aftermath 
of infection ап a it was found that 


Besides, wher 
boiling the fluids was unnecessary and that heating to 60°-65° 
C. for 20 to 39 minutes was su ly all the 


fficient to destroy near 
erms, particularly those causing disease, a method was avail- 
able for the treatment О 


civil wa 


float in moving 
still. I£ they chance t 


reater effect upon the 
has made possible the 
of germs, and the 
n it modern 


f milk which removes most of the 
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bacteria without greatly altering its nutritive quaiities. To this 
“pasteurization” method, now legally enforced in many cit- 
ies, we owe much of the great drop in infant mortality which 
has characterized the last five decades in Europe and the 
Americas. Countless thousands of babies once died of ty- 
phoid and other milk-borne diseases in their first year; now, 
fortunately, there is little danger from this source. 

Still, there were at first troublesome exceptions to the 
efficacy of these methods, Adherents of spontaneous genera- 
tion took new heart, for occasionally even the most carefully 
plugged and heated solutions putrefied. Alas for their views, 
further study soon led to the discovery that certain micro- 
organisms form very tough, resistant spores, able to with- 
stand great heat and afterward to germinate. To kill these 
and so to obtain perfectly sterile solutions, it is necessary only 
to reheat the solutions after the spores have had a chance to 
germinate. Accordingly, pasteurization was modified to in- 
clude two heat treatments Separated by an interval of hours 
—а method now standard practice in canning foods. 

Pasteur ! and others thus demonstrated to us that the liv- 
ing forms with which we аге acquainted are not arising spon- 
taneously under conditions existing on the earth today. On 
the other hand, all indications point to the former presence 
upon the earth of conditions under which life as we know it 
simply could not have existed. At some time or other, then 
—perhaps more than once—life must have originated here? 

1 Тһе efforts made by Pasteur to remove all possibility of belief in spon- 
taneous generation are recounted in the glowing tribute by his son-in-law, 


Réné Valléry-Radot. This life is one which should be read and reread by all 


even remotely interested in biology. (Valléry-Radot, R. The Life of Pasteur, 
Eng. trans. Doubleday, Page, New York, 1916.) 


? We shall pass over those theories which hold that life has come to the 


ough space, since they merely remove 

аз we know it clearly depends for its 

existence upon such a concurrence of natural factors as is found on the earth 

today. (See P. p. Sears, Life and Environment. Bureau of Publications, 

Teachers College, Columbia University, New York, 1939) Not only have we 

ch a situation elsewhere, but even were 

there such a place, we should still have no notion of how life might have 
originated there any more readily than here. 
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Is there any évidence as to how the chasm between the life- 
less and the living could have been bridged? 

The bacteriophages and filtrable viruses * seem indeed to 
stand in such a position. Until recently they have been re- 
garded by everyone as living. Like the parasitic bacteria, 
they multiply within the tissues of a particular plant or 
animal host, setting up specific disease conditions and stim- 
ulating extremely specific and lasting immunities. When 
they are exposed to x-rays, they are inactivated; the doses 
required to do this correspond closely to those which kill 
bacteria or spermatozoa. They are so small as to lie beyond 
the utmost power of our best microscopes, making it impos- 
sible for us to observe them individually, but their behavior 
is biologically just like that of the bacteria. 

On the other hand, there is mounting evidence to show 
that the bacteriophages and filtrable viruses are not alive. 
Instead of being a complex colloidal system, like protoplasm, 
at least some of them are single chemical molecules. This, 
of course, has long been indicated by their size, for while 
some almost reach the limit of microscopic visibility (200 my), 
others, such as the virus of infantile paralysis, are no larger 
than some of the protein molecules (10 mz). The evidence as 
to their molecular nature now seems conclusive. Dr. W. M. 
Stanley, of the Rockefeller Institute, and his collaborators 
have succeeded in isolating, by two quite different methods 
(chemical extraction and ultracentrifuging),* the virus that 
causes the tobacco mosaic disease. This virus proves to be a 


3 Bacteriophages prey upon specific bacteria, dissolving their colonies, 
while filtrable viruses produce such plant diseases as tobacco mosaic disease, 
tobacco ring spot, potato leaf roll, and peach yellows, and such animal and 
human diseases as measles, mumps, infantile paralysis, smallpox, rabies, 
yellow fever, typhus, fever blisters, and shingles. 

4 The ultracentrifuge is a high-speed centrifuge, capable of rotating mate- 
rials at upward of 60,000 revolutions per minute, and of developing a force 
well over 100,000 times that of gravity. Such forces will separate the compo- 
nent phases of a suspension or emulsion into layers (stratification), with the 
heaviest layer at the “bottom” and, in the order of their specific gravities 
(relative weights in comparison with that of an equal volume of water), the 


lighter layers above. 
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protein crystal, of the greatest molecular size known (molecu- 
lar weight about 43,000,000). The crystals have lost none of 
the power of the original virus to produce the disease when 
inoculated into tobacco leaves; in fact, they are the virus.? 
Other plant viruses and animal viruses have also been isolated 
by the ultracentrifuge, and they, too, turn out to be protein 
crystalline substances of huge molecular size. With the suc- 
cessful development of the electron microscope, the tobacco 
mosaic virus has been photographed. It appears to be a slen- 
der rodlike crystal, 280 my in length and 15 my in each of its 
two other dimensions. Even the virus of influenza A, which 
is among the smallest of all known viruses, having a diameter 
of only 11 m, and a nearly spherical shape, has had its pic- 
ture taken. 

Here are substances which, because they are monomolec- 
ular and crystalline, may well be classed as nonliving, but 
which behave like living organisms in a number of ways. It 
is not incredible that our knowledge of the chemical synthe- 
sis of organic compounds may continue to advance until 
viruses can be produced in the laboratory just as various vi- 
tamins and hormones are already being produced. Would 
this be the artificial production of life? And would our suc- 
cess make the occurrence of spontaneous generation seem 
any more probable? 

To understand what we are asking, we must raise once 
again the old question that has ever baffled man's persistent 
curiosity: What is "life"? What makes a thing "alive"? Can 
we at last begin to discern an answer? Life, perhaps, is not 
any one thing. It is a group of attributes, no doubt assem- 
bled one by one, which we constantly associate because we 
are most familiar with systems (plants and animals) in which 
they occur together. Yet any one of these can be found by 
itself in some nonliving system. If, then, by the spontaneous 


5 Гог the proof of this point, Dr. Stanley received, in 1936, the prize of 
$1000 awarded annually by the American Association for the Advancement of 


Science for an especially outstanding paper among those presented at its 
Christmas session. 


——— 
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f life we mean the simultaneous concurrence of 


generation о 
all these attributes, the experiments of Pasteur answer us 


emphatically: No! But if we mean the emergence of any 
single characteristic, selected as of primary importance, may 
not the answer be different? | 
Not least important among the attributes of life is the 
ability of a particular chemical molecule or group of mole- 
cules to duplicate itself repeatedly, а property which is 
known as autocatalysis. This multiplication can take place 
only under narrowly specific conditions. The raw materials 
needed for the synthesis must be present in the environment, 
and physical conditions must be appropriate. Certain en- 
this ability, and certainly the 'phages 
and viruses do; in other words, it is an ability that may be 
possessed by "nonliving" systems. Yet, as we shall see, this 
property of life is the very basis of reproduction. Remem- 
bering that individuals arise only through reproduction— 
life is a continuum—one 


that from generation to generation 
urely this is the basic attribute of life! 


is tempted to say: S 
Then, is not the chasm between living and nonliving 


bridged? Whatever our answer, at least our attention is di- 
rected forcefully to the nature of the reproductive processes. 


zymes perhaps have 


ARE FORMED BY THE DIVISION OF PRE-EXISTING 
NTIALLY A TRANSMISSION OF THE 
GROWTH AND DEVELOPMENT 


CELLS 
CELLS, A DIVISION ESSE 


REQUISITES FOR CELL 


Although. the theory that all plants and animals are com- 
posed of units called cells was proposed in 1838-1839, it was 
some time before there was any very good idea of how cells 
are formed.’ By 1855, however, Virchow was able to sum up 


6 Actually, although Schleiden and Schwann have ivi ; 
credited as founders of the cell theory, others, eaa pup к 
Dutrochet, and Turpin, had expressed virtually the same ideas» te deat 
earlier. It was merely the vigor with which Schleiden and Schwann adv Ва 
their views that marks the years 1838-1839 as the beginning of а new Pun 
biological thought. As to their views on cell formation, the un m 
curious and erroneous ideas. Schwann, for example, Believed iat new E 
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many observations on the origin of cells by means of the di- 
vision of preéxisting cells in the dictum: “Where a cell ex- 
ists there must have been a preéxisting cell, just as the 
animal arises only from an animal and the plant only from 
a plant.”7 “It is here that the full significance of the cell- 
theory for heredity and development first dawns upon us. 
If the cells of the body always arise by division of preéxisting 
cells, all must be descended by division from the original 
germ-cell as their common ancestor; and such is the ob- 
served fact. . . . This critical point once made clear, the 
dominating significance of cell-division in the history of life 
began to stand forth in its true proportions." Cell division 
in an individual's development “is but an infinitesimal part 
ОЁ a greater series of cell-divisions that has no assignable 
limits in the past or future. The germ-cell arises by division 
of a cell preéxisting in the body of the parent, and in its turn 
divides to form the body of the offspring [italics added by 
author] and also new germ-cells for coming generations; and 
so on without end. Embryologists thus arrived at the concep- 
tion . . . of an unbroken 
backwards from our own 
tory of life. So far as v 
never arises de novo 


series of cell-divisions that extends 
day throughout the entire past his- 
ve know, life under existing conditions 
k It isä continuum, a never-ending 


usually arise by a sort of “crys " from a “formless moisture," For a 
recent consideration of the origins of the cell theory, see the paper “Cell and 
Protoplasm Concepts: Historical Account” by E. G. Conklin in The Cell and 
Protoplasm (American Association for the Advancement of Science, Science 
Press, Lancaster, Pa., 1940). 

"The German pathologist, Rudolph von Virchow (1821-1902), was con- 
vinced that only through knowledge of the nature of the cell could light be 
thrown upon disease. This idea was lost sight of during the period when 
diseases were being traced to Berms, Virchow himself. bitterly opposed the 
advances made by the bacteriologists, апа ended by dropping this work 
entirely and turning to archaeology and anthropology. Today medical men 
are beginning to realize that even where the specific external cause of a 
disease is known, they have grasped only one aspect of it. What the germ does 
to the cell, апа what the cell does to defend itself, are just as vitally im- 


portant. Here we have a good example of the way in which many scientific 
ideas, born ahead of their time, eve 


sentence in the text is from Vi 


rchow's Cellularpathologie, p- 25 (1858). 


ntually come into their own. The quoted | 
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stream of protoplasm in the form of cells, maintained by 
assimilation, growth and division. The individual is but a 
passing eddy in the flow which vanishes and leaves no trace, 
while the general stream of life goes forwards." $ 

Since this unbroken series of cell divisions links genera- 
tion to generation, and a cell from the body of a parent di- 
vides to form the body of the offspring, all requisites for 
erowth and development must be components of the cell. 
Reproduction is therefore essentially a contribution of these 
requisites by the parent cell to its cell offspring. What are 
uisites? There must be, first, a complete set of those 


h control the specific composition and organiza- 
acteristic course of 


the req 


factors whic 
tion of living substance and the char 
processes underlying growth and develop- 


1, a supply of the organized living substance 
ng on all essential activities, and often in- 
cialized derivatives and a supply of food 
the organism until it is itself capable 
first, genes and second, protoplasm ? 


events in all the 
ment; and second 
capable of carryit 
cluding certain spe 
sufficient to maintain 
of securing more—that is, 


Cell in Development and Heredity, ed. 3, pp. 9-11 
(Macmillan, New York, 1925)- The introduction to this great biological classic 
; perlative writing. Chapters IX, XI, and XII provide material on cell 
division, the individuality of the chromosomes, and their relation to heredity, 
which may well be consulted in connection with the present discussion. 

оте is true that in general usage protoplasm, no doubt, includes also the 
genes, but in the absence of a word to designate extragenic protoplasm the 
present usage may be allowed. A3 ; А 

Living protoplasm is а complex system, perhaps best described as a 
colloidal sol, that is, a mixture of dispersed ultramicroscopic particles sus- 
pended in a fluid. In protoplasm the particles are chiefly protein and the 
fluid is a watery solution of various salts, sugars, and other soluble sub- 
stances. The colloidal sol is capable of a reversible change into a gel, in 
which the solid portion, or phase, of the system becomes a continuous 
meshwork, while the fluid phase may either be broken up into separate 
droplets or remain continuous. In protoplasm the solid phase itself has a 
strong affinity for the fluid phase, so that the gel can vary enormously in its 
fluid content and is highly elastic. The change from a sol to a gel is gradual 
and is most apparent in the alteration of the viscosity (resistance to flow) of 
the mixture. „Мапу important life activities appear to depend upon localized 
changes in viscosity within the cell, e. g., the locomotion of ameboid cells 
and the mechanics of mitosis (see pp. 35-37). Sol-gel reversibility is therefore 
of fundamental biological importance. External factors which affect it, such 
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(plus foodstuffs, and so forth). Reproduction deals with the 
transfer of these essentials. 

What evidence have we that both of these classes of sub- 
stances are requisite? A very good indication that genes 
alone cannot survive and grow comes from the fate of the 
spermatozoon. Each sperm is made up of little more than 
a single tightly packed set of genes. Spermatozoa, however, 
are incapable of continued life, and die as soon as their 
stored supply of energy-yielding substances is exhausted. 
The spermatozoon that penetrates and fertilizes an egg, how- 
ever, as we shall see, absorbs substances and contributes its 
share to the control of growth and development. Like sperms, 
the tiny polar bodies thrown off by an egg (see p. 132) are in- 
capable of further development alone. Like the egg, they have 
a complete single set of genes, but they possess only a very 
small amount of active protoplasm and practically no stored 
food. Without protoplasm and foodstuffs genes must perish! 

But, an abundant supply of protoplasm and foodstuffs is 
apparently of no avail if the genes are absent, A geneless frag- 
ment ot a cell usually succumbs quickly; in any event cells 
lacking genes, such as the red blood cells of mammals, can 
survive for a limited period only and cannot reproduce. As 
a rule, one set of genes seems sufficient to promote normal 
development, although with increasing sets there often goes 
an increase in size of both cell and organism. But in the 
higher organisms, the absence of any representative of even 
a single gene generally results in death or enfeeblement. It 
appears true that practically every gene native to an organism 
is essential to normal functioning for every one of its cells. 
Even an unbalance in the normal make-up of the gene com- 
plex is very injurious. Let but a few genes be present in more 
or less than their normal proportion and there may be a 


marked deleterious effect upon the individual. The battery. 


of genes in an organism is a delicately adjusted system, the 


as temperature, hydrogen ion concentration (pH), and mechanical agitation 
(shaking and stirring), are consequently important too. 
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parts of which are tuned to harmony with one another. One 
may double or triple the system without changing its balance, 
just as one may multiply both sides of an equation by the 
same factor without altering their equality; but one cannot 
add to or subtract from one side and not treat the other simi- 
larly without destroying the balance of the equation. 


Heredity results from the genetic continuity 
of dividing cells 

This idea August Weismann strenuously reiterated, until 
at last he ran the danger of carrying it too far. The funda- 
mental effects of the principle are, nevertheless, quite clear. 
No child inherits its characteristics from its parents’ bodies 
(soma), but from their germ cells, and each of these in turn 
has descended in unbroken lineage from that one original 
cell, the fertilized egg or zygote, which by division gave 
rise to all the cells, somatic and germinal, of that parent. 
Therefore nothing that happens to the parent’s body can be 
inherited, unless in some way the effect can be passed on to 
the germ cells, and these through their internal situation 
are usually well protected from external influences. To be ` 
sure, certain effects, such as those of alcohol or a change in 
climate, may reach them. However, in the course of time 
these effects wear off, although it may take a number of gen- 
erations. Only ‘changes of the genes are known to be truly 
lasting, in a strict sense hereditary. So far as we know—and 
just about every imaginable way has been tried—genes can- 
not be affected indirectly. This fact shatters all theories of 
the inheritance of acquired characters. No parent should 
hope that his own education, or fear that his lack of it, can 
have the slightest effect upon the native intelligence of his 
offspring. No biologist can very consistently believe in the 
evolution of living organisms through any effort on their 
part to meet their needs or to satisfy their wants.!? - 


10 This subject is discussed with unusual clarity in Chap. XV of Н, S 
nnings’ well-known book, The Biological Basis of Human Nature, pp. 329- 


е 
Г (W. W. Norton, New York, 1930). 
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Since there are many vitally necessary genes per cell, as we 
have indicated, the process of transmission must involve a 
duplication and a distribution of each one. The basic re- 
productive process is therefore that which brings about the 
qualitatively equal distribution of the genes. Now where 
are the genes? Clearly we must hunt for them in some quali- 
tative phase of cell division, that is, some phase which would 
distribute to each of the cell offspring identical sets of bodies. 

Knowledge of the actual mechanics of cell division fol- 
lowed a great development of the technical side of biology. 
Methods of killing, fixing, sectioning, and staining tissues 
made possible the accurate observation of cellular form and 
structure. A group of brilliant men in the thirty years from 
1870 to 1900 formulated our ideas of the physical basis of 
heredity and the mechanism of development. They observed 
carefully; they preferred sound reasoning to speculation; and 
important advances came thick and fast. Observing animal 
eggs, Fol was the first to see the rays that appear in the proto- 
plasm at opposite sides of the nuclear vesicle, making the 
star-shaped figures he called asters; and Biitschli observed 
that, as the nuclear membrane disappeared, the rays stretched 
across it to form a spindle-shaped figure between the asters. 
In a plane through the middle of the spindle lay small grains 
or tiny rods, now known as chromosomes because they stain 
intensely. These were seen to split into two groups that 
moved toward opposite ends of the spindle, where, according 
to Oskar Hertwig, each is reconstructed into a typical nu- 
cleus. Strasburger extended the observation of these phe- 
nomena to plants, finding essentially the same behavior, ex- 
cept for the lack of asters. He made an additional discovery 
when he showed that before the spindle is formed the chro- 
mosomes are to be seen in the nucleus as long, twisted dou- 
ble threads, which later shorten and thicken. This was con- 
firmed for animal cells by Flemming, who also showed that 
the double strands come from a lengthwise splitting of each 
chromosome. The culmination of this series of researches 
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was reached when van Beneden demonstrated that the chro- 
mosome halves, after being arranged upon the spindle, sep- 
arate, one strand of each chromosome passing to each pole. 

Division of the cells is completed by furrows which appear 
in the equatorial plane and deepen until the cells are com- 
pletely separated. In plants, however, a plate forms in this 
nd becomes the dividing cell wall. Thus 
the cell substance surrounding the disintegrating spindle, 
with all the globules and grains of food suspended in it, is 
divided between the daughter cells. This division may be 
equal or very disproportionate, depending upon physical 
mechanisms which will be examined later. Evidently a gross 
division of the protoplasm is sufficient. 

To the group of men who worked out the nature of cell 
division—Fol, Biitschli, Oskar Hertwig, Strasburger, Flem- 
ming, and van Beneden—and to others who, through technical 
made their work possible, or who confirmed and 
ations to hundreds of plants and ani- 
mals, we owe a discovery which deserves to rank in impor- 
h those other great biological discoveries of their 
day: Pasteur's discovery of the causation of disease by bac- 
teria, Mendel's discovery of the basic laws of heredity, and 
Darwin's epochal enunciation of natural selection as a basis 
of evolution. How often while honoring such a lone genius 
as Mendel we forget others whose cooperative and cumula- 
tive labors have proved no less outstanding, men like these 
whose discovery of the mode of cell division is fundamental 
to our understanding of reproduction, heredity, growth, and 
development." 

As this process of chromosome division and distribution, 
h was named mitosis, proved to be of nearly universal 
occurrence, the significance of a division that is qualitatively, 
rather than quantitatively, equal was perceived. What sub- 


position, thickens, a 
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extended their observ 
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п бее E. Nordenskiöld, The History of Biology, Eng. trans., Knopf, New 
York, 1928, Tudor, New York, 1 and W. A. Locy, Biology and Its Makers 
ed. 3, Holt, New York, 1915. Nordenskióld is more scholarly, but Locy's book 


is better illustrated. 
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stance, except that carrying the hereditary properties, asked 
Roux, the father of experimental embryology, and Hertwig 
and Strasburger, could be of such importance as to require so 
meticulously equal a distribution? 


The chromosomes have persistent individuality 


There remained one great objection to assigning to the 
chromosomes leading roles in the drama of heredity. ‘They 
vanish! At the close of each mitotic division, they disappear 
from view, and during the relatively long “interphase,” last- 
ing until the beginning of the next division, only isolated 
granules of their component chromatin are visible in the 
stained nucleus. The demonstration that chromosomes per- 
sist from one cell generation to the next, whether lost to 
view or not, is primarily due to the long continued research 
of Boveri. He succeeded in showing that the number of 
chromosomes reappearing after the interphase is regularly 
the same as the number of chromosomes disappearing at its 
beginning. In Ascaris, for instance, if the two chromosomes 
of the egg become separated, they will form two small nuclei 
instead of a single larger one, and after the interphase опе 
chromosome will reappear in each. In other forms, both 
plant and animal, it has been shown repeatedly that when- 
ever the chromosome number becomes accidentally altered 
the new number persists indefinitely. 

A broader aspect of this same principle is the constant 
number of the chromosomes in the cells of a particular race. 
Each form of life investigated, whether plant or animal, has 
been found to have a characteristic number of chromosomes 
in each cell nucleus, a number ranging from two (in Ascaris 
megalocephala, the horse roundworm) to 200-208 (in various 
species of the crayfish, Cambarus). In man the number 15 
forty-eight. In two animals, a bug and a mite, the character- 
istic number has been traced through every stage of develop- 
ment and into every tissue.!? 


12 Тоо much importance, however, should not be attached to these numbers- 
Closely related forms often have very different numbers, while the same num- 
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Another type of evidence is also very significant. In As- 
caris the chromosomes are very long and their tips project in 
lobes from the surface of the nucleus. These lobes persist 
during the interphase, and when the chromosomes reappear 
their ends project into them just as before. In a certain 
grasshopper the chromosomes also form separate lobes, while 
one of them retains its identity even further, forming a sep- 
arate nucleus pressed against the larger one. In certain cells 
of a minnow (Fundulus) and a snail (Crepidula) the chro- 
mosomes never fuse completely, but each forms essentially a 
separate nucleus during interphase." 

Most striking of all is the case of a protozoan described by 
Bélat. Here cell divisions succeed one another so rapidly 
that before the enormously long chromosomes have been 
fully separated to their “tails,” their "heads" begin to take 


different species. Thus a snail, an ant, various rodents, 
as a brown alga and members of the banana, 
lily, crowfoot, violet, and composite families share the chromosome number 
of man, while among the rats and mice we find such a variety as 40, 42, 48, 
50, 52, and 54. The honeybee is another sort of exception, as males have 
16 chromosomes and females 32. (See Chap. III, p. 129.) 

The basic chromosome number may also be multiplied in single cells or in 
tissues within one individual. "This multiplication may take place through frag- 
mentation of large chromosomes into tiny ones, a condition which occurs in As- 
caris, where the two chromosomes found in the germ cells separate into about 
sixty in somatic tissues. (Conversely, two or more chromosomes may combine 
and act, either for a time or permanently, asa unit.) Still more common is 
doubling due to the division of the chromosomes without an accompanying 
division of either nucleus or cytoplasm, so that all the daughter chromosomes 
remain in one nucleus within one cell. This is especially frequent in cells 

In a number of species of fruit fly (Dro- 


that are old and highly specialized. 1 
sophila), for example, the number of chromosomes in the tracheal cells is 


regularly double the usual somatic number, and in the rectal glands the 
number is redoubled. Doubling may be brought about by exposure to cold 
or chemical agents during mitosis, and it is notably abundant in degenerat- 
ing cells. In mosquito pupae, intestinal cells degenerating during metamor- 
phosis have been seen with 6, 9, 12, 18, 24, 36, and 72 chromosomes, where 
the characteristic number is 12. Cells of cancerous tissue often have giant 
nuclei, or several nuclei in each cell, due to'a similar duplication of the 
chromosomes without cell division. 

13 This condition also occurs in a strain of maize. Here it is known to be 
due to the action of a single gene, a first instance of the control of the genes 
he character and behavior of the chromosomes. і 


ber occurs іп widely 
and several plants as diverse 


themselves over t 
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part in a subsequent division. The chromosomes being sep- 
arated on the spindles of the secondary divisions are still as- 
sociated for most of their length, and at their farther ends 
are still entwined with their duplicates in the sister cell (see 
Fig. 1). As there is an interphase between these divisions, 
the very association compels us 10 see a morphological con- 
tinuity of the chromosomes through the interphase. 


е 3 


Fic. 1. Two pairs of enormously long chromosomes in the protozoan 4 ggre- 
gata ebcrthi involved in two cell divisions at once. Their "heads" are passing 
through a second cell division before tl tails" are completely separated 
after the first division. (Redrawn after Béla?) 


The persistent individuality of the chromosomes is also 
shown in the way in which differences in their size and form 
are passed on from cell generation to cell generation, being 
transmitted regularly and characteristically to each of the 
cells of the organism, and on to successive generations of 
individuals. Chromosomes vary principally in length. They 
are, as a rule, globules or rods or shaped like V's or J's. 
Constancy in their size and form has now been observed in 
a very great number of plants and animals. 

Unusual types, such as the bent-tipped chromosome found 
in a certain locust, have also persisted in cell generation after 
cell generation. In 1922 some female fruit flies were discov- 
ered in which two rod-shaped chromosomes had become ас 
tached to each other at one end, forming a V. This stock 
(called attached-X) has been widely used by geneticists all 
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over the world, and the new chromosome has now persisted 
for more than 500 generations. 

When chromosomes are exposed to x-rays, they may be 
broken and reconstructed in various ways. If a piece is bro- 
ken out of the middle of a chromosome, or off its end, 
it may be visibly shortened, depending upon the size of the 
lost piece. When two chromosomes break гое 
ріесеѕ ате frequently interchanged; and if these are aye о 
the same size, the chromosomes аге altered in size T fupe 
(Fig. 2). These chromosomal abnormalities are all perma 


L 
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ШЕ: 
А 
A, the normal chromosomes of the female fruit fly aes ae а 
(From Mohr) B, chromosomes of the female: ps a AS 
id reconstruction. One of the longer V-shaped а (5) 
has lost а piece that has become attached (s ond S 2 small G б bular 
chromosomes. ‘The chromosomes marked X are those that determine the sex 


of the individual. (From Dobzhansky) 


nent, and are transmitted from parent to offspring, from cell 
ko salivary gland cells of flies the individuality of the 
chromosomes is demonstrated to the highest degree. Here 
are giant chromosomes, thousands of times greater in volume 
than those in ordinary somatic or germinal cells, which can 
yet be identified with the tiny ones present in other cells of 
the fly. They are banded with hundreds of rings, some 
dense, some light, some solid, some mere rows of faint dots. 
Each chromosome has its characteristic pattern of bands, and 
each minute section is identifiable (Fig. 3). These patterns 
persist through generation after generation, so that even each 
small segment of every chromosome has its own persistent 
individuality. 
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rosophila 


Fic. 3. The giant salivary gland chromosomes of the fruit fly (D 
melandgaster), magnification about Goo diameters. Inset, the same chromo- 
somes as they appear at the same magnification in most body and germ cells. 
(Courtesy of B. P. Kaufmann, Carnegie Institution of Washington) 


What do all these things show? Even if they fail to dem- 
onstrate indubitably that the genes are in the chromosomes, 
they make it an extremely plausible assumption. The per 
sistent individuality of the chromosomes, even to their mi 
nutest segments; the longitudinal cleavage of each chromo- 
some in mitosis, which results in the duplication of each one 
of these segments; and the accurate distribution to each of 
the cell offspring of an identical set—these characteristics Cer- 
tainly appear to provide the qualitatively equal division of the 
genes for which we were looking. The final demonstration O 
this point rests upon the fact that the behavior of the chromo- 
somes iù every case exactly parallels that of the hereditary traits. 
This can be made clear only when we understand more fully 
the role of sex in reproduction, which will be treated in 
Chapter II. However, we may now plausibly assume that the 
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genes are located in the chromosomes. As we keep this fact 
in mind, we shall find that the fundamental importance of 
the nature of cell division becomes increasingly clear. 


All mitotic cell divisions are essentially alike 

In another book of this series, The Development of Our 
Ideas Concerning the Physical World, Duane Roller says: 
“Both the permanent aspects and the changes occurring in 
phenomena must eventually be studied if our picture of na- 
ture is to be of most value, but the permanent aspects are 
usually much the easier to observe and treat... . It is a very 
t of the method of these sciences to search for 
quantities that remain constant amid the variations of na- 
ture, for laws that prevail, for concepts that can be retained 
as permanent. In a less conscious and less systematic way, 
even our ordinary thinking is permeated with this quest for 
factors in our environment which we can regard as remain- 
ing the same from day to day; for things we can ‘count on’; 
for values we can accept as permanent. Without such self- 
created reference points for thought and action, existence in 
this world of incessant and complex change is unthinkable.” 
Here, in the processes of cell division, we may find such a con- 
stant biological factor, for the permanency and the stability of 
life-forms rest squarely upon the duplication and equal distri- 
bution of the genes at cell division. The resemblance of off- 
spring to their parents, which we no doubt take as much for 
granted as we do the assumption that an unsupported object 
will fall, depends upon the nature of mitosis. Heredity very 
mainly a transmission of variable traits, 
such as eye color, skin color, resistance to disease, intelli- 
gence, and so on. These are of no little immediate im- 
portance to us. They may determine our social group, our 
occupation, our health, our mate; they may even be a matter 
of life or death to us. But before variation, theré must be 
something to vary from! The essence of heredity lies rather 

14 Unpublished, 1943. 
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in the statement that all creatures bring forth "after their 
kind" (Gen. 1:21). This is due to the mechanism of mitosis, 
which is essentially alike in all living forms. Only from an 
understanding of this mechanism for maintaining the sta- 
bility, the status quo, of life-forms can we start to investigate 
hereditary variation. 

The process of cell division varies in cells and organisms 
in an extraordinary number of minor ways, both in the form 
of the components of the mitotic figures and in their be- 
havior. Nevertheless, this manifold variety can be classified 
and reduced to a number of types, all linked by transitions. 
“This circumstance stands as one of the strongest supports of 
the theory that all mitotic cell divisions are processes essen- 
tially like." !5 And the essential likeness of all forms of mi- 
totic cell division is a most striking witness to the funda- 
mental unity of all living forms. To understand the 
situation, therefore, it is necessary only to take one example, 
and compare it with the other main types. 

In white blood cells of the salamander, the nucleus during 
interphase contains only a few lumps and nodes of dark- 
staining chromatin and is otherwise clear and homogeneous. 
In the cytoplasm lies the centrosome, a clear gelled area with 
two minute granules in it (Fig. 4). 

The first signs of approaching cell division are seen in the 
nucleus. In the homogeneous plasm there form long threads, 
twisted and coiled, and staining deeply with nuclear stains. 
These are the chromosomes. The nucleus swells somewhat. 
(At this point the nucleus has entered the prophase stage.) 
As mitosis progresses, the chromosomes become shorter, 
thicker, and less coiled, and it is then noticeable that each is 
really composed of two threads, very closely applied to each 


15 This remark by К. Bélaf is translated from Die cytologischen Grundlagen 
der Vererbung, p. 32. (Gebriider Borntraeger, Berlin, 1928.) For those who 
read Germen, this is the most complete and best survey yet made- of the 
cytological bases of heredity. The description here given of mitosis in the 
salamander is paraphrased from it (pp. 28-92). Bélaf's death in his early 
prime, as a result of an automobile accident near Los Angeles, was a severe 
loss to science. 
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other. Fach chromosome is bent, rather like a hairpin, and 
the flexures lie close to, or even against, the nuclear mem- 
brane. Meanwhile the centrosome has moved to the middle 
of the cell, and the two granules (known as centrioles) have 
separated a bit as the gel surrounding them liquefies. As 
they move apart, rays appear radiating from them into the 
cytoplasm, rays which mingle among themselves to produce 
a clear area, spindle-shaped. These are the asters and the 


spindle; and both together are called the amphiaster. The 
dimension as the centro- 


spindle area grows larger in every 
somes move farther apart, and is traversed by a myriad of 
very delicate fibers running from one pole to the other, those 
on the periphery curved, the central ones straight. The chro- 
mosomes are already lying against the face of the nucleus 
touching the growing spindle. As the nuclear membrane 
breaks down, they are drawn into an irregular ring, the flex- 
ure of each chromosome imbedded in the surface of the 
spindle. (At this point prophase merges into metaphase.) 

The ring of chromosomes is next flattened, until the im- 
bedded parts lie approximately in a plane (the equatorial 
plane) perpendicular to the axis of the spindle. In clear 
cases, it is possible to see that a mantle of fine fibers (mantle 
fibers) surrounds the central spindle, and connects the flex- 
ures of the chromosomes with the centrosomes (see also Fig. 
5A). The rays of the asters have now reached their maximum 
size, extending to the periphery of the cell. 

For a brief time the chromosomes remain fixed in the 
ring. Then the halves of each separate and move toward the 
poles of the spindle, flexures preceding, ends trailing. It is 
as though they were being pulled apart and toward the poles 
by the mantle fibers, “inserted” at the flexures. The central 
spindle lengthens as the chromosomes separate. (This stage 
is the anaphase.) 

Short of reaching the centrosomes, the two groups of chro- 
mosomes halt. (The mitosis now enters the telophase stage.) 
Within each group the chromosomes press together, undi 
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their limits are made out only with difficulty. The spindle 
fibers then disappear; the centrioles divide, each aster dim- 
ming and then reappearing as they do so. Next a membrane 
surrounds each group of chromosomes, forming daughter 
nuclei. These swell in size, and as the chromosomes alter 
chemically so that they stain less and less, vacuoles appear 


[aet 


Fic. 4. Cell division in the white blood cells of a salamander (Salamandra 
maculosa). a-c, e, i, l, and p are polar views; the remainder are views from 
the side. a, interphase; a convoluted nucleus surrounding a central mass of 
cytoplasm in which is the centrosome. b-c, early prophase. d, beginnings of 
the formation of the central spindle. e-g, transition to metaphase. h-i, meta- 
phase. j-l, anaphase. т-р, telophase. (In the polar views of the equatorial 
and daughter rings not all of the twenty-four chromosomes are visible.) 
Magnification about 825 diameters. (From Béla¥’s Die cytologischen Grund- 
lagen der Vererbung). 


between them. Their outlines grow vague. Projections ех- 
tend out and form bridges uniting them, until finally, in the 
typical interphase nuclei, only knots of chromatin betray the 
former arrangement of the chromosomes (Fig. 4). 

In general, the time consumed by mitosis varies consider- 
ably with external factors, but thirty minutes to an hour is 
perhaps average. It is more important to have some idea of 


р 
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the relative lengths of the stages. These are approximately 


Prophase 4996 
Metaphase 15% 
Апарһазе 1295 
Telophase 30% 


e stages have different temperature characteris- 
e length at different tempera- 
in relative length in different 


However, th 
tics; that is, they vary in relativ 
tures. They also appear to vary 


organisms. 
More frequently studied is the rate at which mitoses suc- 


ceed one another, a rate which determines the duration of 
each cell generation. This is what is generally meant by the 
terms mitotic rate and rate of cell division, and they are so 
used in this chapter (see рр. 38-42). 
pal variations from the preceding type 

i 


variants no central (cytoplasmic) spin- 
The true spindle, made of 


The two princi 
In the first of these 
dle is formed by the centrosomes. 


КШ. 
Wy, 
< АБ”. 


AM 


Fic. 5. 4, chromosomes arranged in a ring around the centra! spindle. A 
salamander cell. (Fankhouser. Courtesy of the Journal of Heredity) В, 
chromosomes arranged in a plate across the true spindle. A human cell. The 
smallest chromosome, the one called the Y, is found only in males. (Evans 


and Swezy. Courtesy of the Journal of Heredity) 
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nuclear material, instead of surrounding the central spindle 
like a mantle, completely takes its place. The chromosomes, 
instead of forming a ring, then form a "plate" extending all 
the way across the equatorial plane of the spindle (Fig. 5B). 
In the second variant, there is again only a true spindle of 
nuclear material, but in addition there are no visible centro- 


somes or asters. This latter form of mitosis occurs almost 


Fic. 6. Cell division in the onion (Allium сера). Obs 


barrel-shaped spindle and the absence of centrosom 
phase. b-c, prophase. d-e, transition to metaphase. f, metaphase. 
anaphase. j-l, telophase. Magnification about 825 diameters. (From Bélai’s 
Die cytologischen Grundlagen der Vererbung) 


гуе the characteristic 
and asters. a, inter- 
i, 


universally in the higher plants 


; it is common in unicellular 
organisms, and it is char 


acteristic of the two divisions by 
which the eges of higher animals become mature (Fig. 6). 

In the completion of cell division through division of the 
cytoplasm there are two principal types. In most animal cells 
a furrow-appears on the cell surface in the equatorial plane 
of the spindle, during telophase. As the spindle dissolves, the 
furrow deepens and the cell is pinched in two. In most 
plant cells, however, granules form an equatorial plate upon 
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e in size and coalesce, and the plate 
The deposition of salts, pec- 

commences, until finally the 

ncluding two or three dis- 


the spindle. "They increas 
grows to the margins of the cell. 
tin, cellulose, and lignin then 


typical double cell wall, each half ir 
tinct layers, is completed. The two major types of cytoplas- 


mic division are linked by a transitional form found in the 
algae, so that their difference is not radical but merely an 
accompaniment of the rigid cell wall of cellulose produced 
by most plants. "The essential result is ever the same: the cy- 
toplasm is divided between the daughter cells, and whatever 
specialized cell structures lie in it, such as plastids in plants, 
orts of rodlike or minute globular bodies found 


and various s 
re separated into two more or less equal 


in animal cells, a 
groups.!* 


IS ACTUALLY А COORDINATION OF SEVERAL 


CELL DIVISION 
SEMI-INDE PENDENT PROCESSES 


Thus far we have described cell division as a series of 
events. Actually, however, it consists of three closely coordi- 
nated processes. The changes in the chromosomes are largely 
independent of spindle formation; and both, in turn, are in- 
dependent of the division of the cytoplasm. A critical analy- 
sis of these will enable us to distinguish the elements that are 
of fundamental significance. Incidentally, it will furnish a 
fine example of the complexity of biologic processes, of the 
numerous interrelations which must be synchronized and co- 
ordinated for what might seem at first the attainment of a 
simple end. Mitosis, as described in textbooks, is frequently 
oversimplified. We should be on our guard lest we take a 
very superficial knowledge for real understanding. 

In the first place, chromosomes may, on occasion, divide 
without any division of the other elements of the cell. Now 
the formation of these daughter chromosomes is merely the 


16 An exception is found in the centrosomes, which, since they lie at tl 
oles of the spindles, are always distributed equally. | шн 
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visible aspect of this first phase of all division; tne reduplica- 
tion of the genes themselves is the initial step. At some time 
between one anaphase and the succeeding prophase—some 
observers claim even in the preceding prophase—the chromo- 
some becomes visibly double. Has the single string of genes 
absorbed at each locus 17 the appropriate chemical substances 
from the nuclear substrate, synthesizing them into the form 
and pattern of each gene, until the amount of each is suffi- 
cient to form two? Or does each gene by a sort of selective 
crystallization form a twin beside itself? "These questions de- 
pend largely on the very nature of the gene itself; for if it is 
composed of a number of molecules, th 
duplication will be more probable, while if it is a single 
molecule, the second is to be preferred. The latter view fits 
the present scanty experimental data somewhat better. 

Without entering the realm of speculation, however, we 
can draw two important conclusions about gene reproduc- 
tion. In the first place, the duplication of all the genes takes 
place simultaneously; the processes are in some way synchro- 
nized. This is a significant addition to the original property 
of autocatalysis we observed in the viruses. Second, the di- 
vision of the genes, and consequently of the chromosomes, 
takes place long before any other phase of cell division be- 
gins. The chromosomes always seem to be split at least опе 
division ahead of their partition and occasionally, perhaps; 
even earlier. In anaphase and in the following prophase, 
when the chromosomes are not too condensed, they are often 
spirally coiled, and sometimes this coil, called the chromo- 
nema, can be distinguished from a surrounding matrix. It is 
this chromonema which is split in preparation for the suc- 
ceeding mitosis and, no doubt, contains the genes. 

Since chromosome duplication so far precedes the other 
phases of cell division, it is probably valid to regard it as the 
usual initiator of the next phase. However, synchronization 


17 The term locus is used to indicate t 
some. 


е first method of re- 


he position of a gene in the chromo- 
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may break down at this point, so that, on the one hand, genes 
may divide repeatedly without disjoining, and, on the other, 
spindles may form over and over in the absence of any chro- 
mosomes whatsoever. The division of the chromosomes 
without their distribution may be an abnormal feature of 
development, as when the spindle mechanism is paralyzed by 
colchicine,!8 or it may be a perfectly normal one, such as oc- 
curs in certain tissues of fruit flies or mosquito larvae. In 
either case the divided chromosomes remain in a cluster, and 
the number of chromosomes within the cell is doubled. t. 
The changes in form of the chromosomes during mitosis 
may be included in this first phase, although seemingly their 
sole function is to reduce the diffuse chromosomes of the in- 
terphase to a compact form capable of disjunction upon a 
spindle. During prophase the changes consist of (1) an altera- 
tion of chemical state, and (2) condensation and contraction. 
At this stage the one or more nucleoli, each associated with 
special formative regions of particular chromosomes, com- 
mence to shrink. As probably their material is distributed to 
the associated chromosomes, contributing to the matrix which 
grows up around the invisible gene i ч x pa thus 
disappear while the chromosomes grow thicker and stain pro- 
gressively darker.!? 
18 The action of colchicine is gv pe m d аду oU gret 


7 i z reeding. 
practical value in plant breeding failing to disjoin, are frequently all re- 


split chromosomes, І c | ' 
e р ЕЕ nucleus. ‘Thus tetraploid cells arise, which may give 


to ын ы o sre gon plans th ger yee mers ui 
or doubled flowers. Especially interesting ш, Aa il y of obtaining 

ids. Most hybrids, as is well known, are все е, ut by inducing a dou- 
EE SE the chromosome number a fertile hybrid carrying two sets of chromo- 
somes from each of the parent species may be procured. One can hardly over- 
estimate the enticing possibilities in the field of hybridization this method 
holds out. Already new types of cotton and tobacco, as well as a number of 
fruits, have been produced by its means. 

19 Change in staining capacity indicates a change in chemical nature, since 
it takes an acid substance to react with the basic (alkaline) dyes which stain 
chromatin so densely. The acids of the nucleus (nucleic acids) are found 
nowhere else in nature, except in elementary organisms such as bacteria, 
where nucleus and cytoplasm are not differentiated. 
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The chemical alterations and the condensation of the chro- 
mosomes are, then, mainly changes of the matrix in which 
the strings of genes are imbedded. The double coil of the 
chromonema is simply compressed until its strands are no 
longer visibly separate. At the end of prophase each chromo- 
some is really double, although its strands are so closely com- 
pressed and intertwined as to appear single. In metaphase 
the splits reappear and the chromosomes then disjoin. 

In some cases either whole chromosomes or large portions 
may remain darkly staining during interphase, or may make 
their appearance ahead of the other chromosomes as pro- 
phase sets in. In Drosophila those portions of the set of chro- 
mosomes which vanish in the customary way carry practically 
all the genes, and the visibly persistent regions are genetically 
barren like the nucleolus. We should therefore distinguish 
carefully between the chromosomes and the actual strings of 
genes. The chromosomes contain much nongenic material, 
which coalesces about the genes during mitosis. Since the 
nongenic regions carry the points of spindle attachment, we 
may assume that the dark-staining chromatin is the portion 
of the chromosome coordinating it with the second phase of 
mitosis—spindle formation and chromosome disjunction. 

The second semi-independent phase of cell division is con- 
cerned with the disjunction of the chromosomes and involves 
the formation of a spindle. That it can be relatively inde- 
pendent of the chromosomal changes is clear from the follow- 
ing facts: (1) When, by chemical or mechanical treatment, all 
the chromosomes are induced to go to one pole, spindles 
continue to form in the daughter cell that lacks chromo- 
somes. Their formation keeps step with the mitoses in the 
adjacent nucleated cells. (2) With needles, a skillful man can 
extract the entire nucleus from a cell. Spindle formation 
goes steadily on. (3) A number of chemical compounds 
(carbon dioxide, quinine, ethyl ether, hydrogen sulfide, ро" 
tassium cyanide, colchicine) inhibit this phase without seem- 
ing to affect gene and chromosome division. 
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In thinking of spindle formation we should carefully dis- 
tinguish between the true and the accessory spindles. The 
true spindle, which brings about the disjunction of the chro- 
mosomes, is mainly or wholly nuclear in origin. It is often the 
sole spindle, but whenever an accessory spindle is present, the 
true spindle surrounds it, as we have noticed, like a mantle. 
The fibers of the accessory spindle, which connect the two 
ave been observed indenting the nuclear mem- 
ng to its dissolution. Otherwise the accessory 
ittle importance. It may even be present or 
ame organism (axolotl). The evidence 


dependence of spindle forma- 
оез both to the 


centrosomes, 1 
brane and leadi 
spindle seems of 
absent in cells of the s 
ning the in 
chromosome division ap} 
2) and to the true spindle (3). 


cited above concer 
tion from gene and 


accessory spindle (1 апа 


Why do the chromosomes move tow 


ard the poles of the 
spindle? Genetic evidence is convincing that each chromo- 
some is attached to th 


e spindle by a single structure (its so- 
called spindle attachment point, or ce 


ntromere). Whenever a 
chromosome suffers breakage, the resulting fragment that lacks 
such a structure becomes lost unless reattached; otherwise it 
will not be drawn onto the spindle nor is it likely to be in- 
cluded in either one of the two daughter nuclei? Some force, 
evident from the relation between the positi 


on of the spindle 
attachment and the nosomes, must act upon 
these points. This d 


shape of the chrom 
imply that the chromo- 
somes are drawn to t 


oes not necessarily 

he poles by the contraction of spindle 

fibers. Spindle fibers are not typical elastic fibers, for they do 
not appear to thicken as they become shorter. In the living 
in fact, no actual S le fibers can be seen. They are 
зап lines of stress indicating a linear orien- 
from pole to pole, such an orientation as is 
fibrous proteins like keratin, the ma- 
Or perhaps the apparent fibers 


cell, pind 
perhaps no more ud 
tation of molecules 
known to occur in 
terial of our nails and hair. 
та) seem to form an exception to this 
es of this order the chromosomes 
nd fragments behave like inde- 


20 The chromosomes of bugs (Hemipte 
In some, perhaps in all, speci 
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have no single spi 
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merely indicate that the water in the spindle is unevenly 
distributed and lies in axial channels between the more rigid 
portions of the spindle. In at least one organism, a locust 
(Stenobothrus), the movement of the chromosomes is evi- 
dently due to a rapid growth of the spindle between the 
planes where the two sets of chromosomes are imbedded. 
This growth pushes the chromosomes and the poles farther 
apart. It is likely that this may be a rather general mecha- 
nism, for the distance chromosomes move is frequently pro- 
portional to the size of the spindle, which lengthens as the 
chromosomes disjoin. In Sciara, the fungus gnat, a very un- 
usual occurrence takes place. At one division in the forma- 
tion of male reproductive cells, a half-spindle is formed, with 
the attachments of all the chromosomes directed toward it. 
Nevertheless, certain chromosomes move away from the sin- 
gle pole of the spindle along the diverging rays of the half- 
spindle. Evidences of tension in the chromosomes seem to 
imply that their spindle attachments are still attracted to the 
single^pole, but that some superior force carries them in the 
opposite direction. This superior force may reside either 1n 
the chromosome itself or in the surrounding island of spin- 
dle material which accompanies each chromosome through 
the cytoplasm. 

АП in all, the evidence does not lead to any clear or simple 
interpretation. The most satisfactory explanation is perhaps 
that, to start with, there is an autonomous repulsion of the 
chromosomes. This is followed by an expansion of the cen- 
tral spindle material, pushing the two groups of chromosomes 
farther apart, and a contraction of the two distal portions of 
the spindle, drawing the chromosomes closer to the poles. 
Other factors still to be revealed may also play an important 
part in the disjunction of the chromosomes, that crux of, 
the second phase of cell division. 

The third and final phase of cell division is concerned with 
the distribution of the remainder of the-essentials for cell 
growth and development to the daughter cells. This phase 
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is also semi-independent. Both chromosomes and nucleus di- 
vide commonly enough without any division of the cyto- 
plasm, whenever the activity of the latter is much lowered, as 
by the inclusion of large amounts of inert food material, or 
by lack of oxygen, low temperature, a change in the concen- 
tration of the surrounding medium, shock, or treatment with 
such chemicals as lactic and pyruvic acids. On the other 
hand, cytoplasmic divisions may follow one another in regu- 
lar succession through the stages of early development in cells 
entirely lacking nuclei and forming asters but not spindles. 
The partition of the cytoplasm, in contrast to that of the 
genes, is gross and only approximately instead of exactly equal. 
The more important cell structures clump around the spindle, 
structures such as the plastids in plant cells, and the rodlike 
or globular bodies (chondriosomes, mitochondria) found in 
animal cells and believed to be associated with oxidations. 
Then, as previously described, in plants a cell plate forms 
across the spindle and continues to extend until it separates 
the two daughter cells. These, however, remain attached by 
their walls of secreted cellulose. In animals and in the ma- 
turing reproductive cells in plants, the separation is per- 
formed by a constriction of the cell in the equatorial plane 
of the spindle. The cells, under the control of genetic fac- 
tors, then either adhere or separate. In the latter event, we 
observe the characteristic type of cytoplasmic cleavage by 
which the fission of one-celled animals is accomplished. 


THE CELL IN DIVISION SHOULD BE CONSIDERED 


AS A PHYSICAL SYSTEM 


d how the essential structures are ap- 
portioned in cell division, we should not forget that, like all 
life-processes, cell division is dynamic. The cell is the sphere 
of action of complex interacting forces. Still ignorant as to 
what these are, we can, nevertheless, learn something of their 
distribution and nature from the very configuration of the 
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merely indicate that the water in the spindle is unevenly 
distributed and lies in axial channels between the more rigid 
portions of the spindle. In at least one organism, a locust 
(Stenobothrus), the movement of the chromosomes is evi- 
dently due to a rapid growth of the spindle between the 
planes where the two sets of chromosomes are imbedded. 
This growth pushes the chromosomes and the poles farther 
apart. It is likely that this may be a rather general mecha- 
nism, for the distance chromosomes move is frequently pro- 
portional to the size of the spindle, which lengthens as the 
chromosomes disjoin. In Sciara, the fungus gnat, a very un- 
usual occurrence takes place. At one division in the forma- 
tion of male reproductive cells, a half-spindle is formed, with 
the attachments of all the chromosomes directed towaxd it. 
Nevertheless, certain chromosomes move away from the sin- 
gle pole of the spindle along the diverging rays of the half- 
spindle. Evidences of tension in the chromosomes seem to 
imply that their spindle attachments are still attracted to the 
single»pole, but that some superior force carries them in the 
Opposite direction. This superior force may reside either 20 
the chromosome itself or in the surrounding island of spin- 
dle material which accompanies each chromosome through 
the cytoplasm. 

All in all, the evidence does not lead to any clear or simple 
interpretation. The most satisfactory explanation is perhaps 
that, to start with, there is an autonomous repulsion of the 
chromosomes. This is followed by an expansion of the cen- 
tral spindle material, pushing the two groups of chromosomes 
farther apart, and a contraction of the two distal portions of 
the spindle, drawing the chromosomes closer to the poles. 
Other factors still to be revealed may also play an important 


part in the disjunction of the chromosomes, that crux of. 


the second phase of cell division. 

The third and final phase of cell division is concerned with 
the distribution of the remainder of е essentials for cell 
growth and development to the daughter cells. This phase 
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1s also semi-independent. Both chromosomes and nucleus di- 
vide commonly enough without any division of the cyto- 
plasm, whenever the activity of the latter is much lowered, as 
by the inclusion of large amounts of inert food material, or 
by lack of oxygen, low temperature, a change in the concen- 
tration of the surrounding medium, shock, or treatment with 
such chemicals as lactic and pyruvic acids. On the other 
hand, cytoplasmic divisions may follow one another in regu- 
lar succession through the stages of early development in cells 
entirely lacking nuclei and forming asters but not spindles. 
The partition of the cytoplasm, in contrast to that of the 
genes, is gross and only approximately instead of exactly equal. 
The more important cell structures clump around the spindle, 
structures such as thé plastids in plant cells, and the rodlike 
or globular bodies (chondriosomes, mitochondria) found in 
animal cells and believed to be associated with oxidations. 
Then, as previously described, in plants a cell plate forms 
across the spindle and continues to extend until it separates 
the two daughter cells. These, however, remain attached by 
their walls of secreted cellulose. In animals and in the ma- 
turing reproductive cells in plants, the separation is per- 
formed by a constriction of the cell in the equatorial plane 
of the spindle. The cells, under the control of genetic fac- 
tors, then either adhere or separate. In the latter event, we 
observe the characteristic type of cytoplasmic cleavage by 
which the fission of one-celled animals is accomplished. 


THE CELL IN DIVISION SHOULD BE CONSIDERED 


AS A PHYSICAL SYSTEM 
cribed how the essential structures are ap- 
portioned in cell division, we should not forget that, like all 
life-processes, cell division is dynamic. The cell is the sphere 
of action of complex interacting forces. Still ignorant as to 
what these are, we can, nevertheless, learn something of their 
distribution and nature from the very configuration of the 
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cell, both external and internal, and from the changes we 
have described as taking place. 

To begin with, the typical isolated cell is spherical; “that 
is to say, the uniform surface tension at its boundary is bal- 
anced by the outward resistance of uniform forces within.” 2™ 
The uniformity of the forces within the cell depends upon 
the degree of fluidity of the protoplasm. When protoplasmic 
colloids gel, their fluidity is greatly diminished, and forces at 
work reach equilibrium more slowly. The spherical shape 
may thus be distorted. Accordingly, whenever the surface 
tension fluctuates or varies locally, the cell may pulsate, as a 
trout's egg does, or protrude in finger-like projections, as do 
ameboid cells. 

For the same reason the nucleus is also spherical, and be- 
cause its fluid cytoplasmic surroundings are more constant 
than the external environment of the cell, it preserves its 
shape more constantly. Whenever, in the course of differ- 
entiation, the consistency of the cytoplasm alters and becomes 
more solid, the shape of the nucleus becomes correspond- 
ingly elongated. There must be, however, some difference in 
surface tension between the nuclear content and the sur- 
rounding cytoplasm. If this "phase difference" were (00 
slight, the nucleus could not cohere on account of the low 
surface tension, and would break up into smaller units. 
Just such scattered nuclear material is found in many rhizo- 
pods, and a similar situation leads to the bursting of the con- 
tractile vacuoles of fresh-water protozoans. Conversely, nu- 
clear material tends to aggregate within the limit of surface 
tension, and separate nuclei in a cell may thus often draw 
together and fuse. 

Any interchange of materials between the cell and its en- 

208 Thompson, D'Arcy. On Growth and Form, p. 164. Cambridge Uni- 
versity Press, 1917. This book is the great well-spring of the modern study of 
growth as related to form. (New edition, 1942.) " 

21 The surface tension between two phases is the difference between their 


average cohesion, or tendency of like particles to stick together, and the 
adhesion, or attraction, of the unlike particles of the two phases, 
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vironment must take place through the surface membrane of 
the cell, while the living substance to be maintained is sub- 
stantially its volume. Consequently the relations between 
the surface area and the volume of a cell are of great impor- 
tance. Now as a cell grows, its volume (4/3 z1?) increases far 
more rapidly than its surface arca (4x02). This automatically 
puts an upper limit to cell size, at a point where the transfer 
of materials through the membrane is barely adequate to 
satisfy the needs of the protoplasm. (Of course, cells may ap- 
parently transgress such limits through the inclusion of large 
amounts of inert material, such as stored food.) Long ago it 
was suggested that, since the cell, upon reaching this size, 
must either quit growing or divide, the primary impetus to 
cell division lay here. "There is some support for this view. 
Studies of the ameba have shown that the attainment of a 
particular cell volume—more specifically of a definite nuclear 
volume—is, iri this animal, а prime factor in initiating mi- 
tosis. However, many a cell divides before attaining its maxi- 
mum size, and in rapidly growing tissues the multiplying 
cells are nearly always relatively tiny. We may therefore ac- 
a that a maximal cell size is imposed by the 
atio, without regarding it as more than 
an accessory factor in initiating cell division. | 

Of other factors that may be involved in initiating mitosis, 
we have almost no idea. What underlies autocatalysis, and 
especially what synchronizes the genes in this activity—these 
remain major mysteries. Nor do we know how the duplica- 
tion of the gene strings normally sets going the formation of 


cept the ide 
surface area/volume т 


a spindle. 
The centrosomes have often been regarded as autonomous 
dynamic centers of spindle formation. In animal cells we 


can see them dividing at anaphase in preparation for the 
succeeding mitosis, almost as early as the genes themselves. 
We can also see the asters and the accessory spindle, when it 
is present, forming around and between the centrosomes as 
they move apart, while in cells where the centrosomes lie far 
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from the nucleus to begin with, either they or the nucleus 
migrate until they reach their usual position. Unquestion- 
ably the true spindle is oriented by the centrosomes, and 
when they are absent it is not pointed but barrel-shaped. 
Plurality of the centrosomes also throws light on their role. 
When several sperms manage to penetrate an egg, each of 
them bringing in a centrosome, multipolar spindles form and 
the chromosomes are distributed irregularly. 

Yet there seems to be no necessity for regarding the centro- 
somes as possessing genetic continuity like that of the chro- 
mosomes. "They may arise in nonnucleated fragments of eggs 
treated with hypertonic solutions,? or centrifuged, where 
the original centrosomes have remained in the nucleated 
portion. It has recently been found that the chromosomes of 
certain snails can lose their centromeres (spindle attachments): 
and that these structures then turn into extra centrosomes (07 
centrioles) that go on dividing in rhythm with the centro 
meres of the other chromosomes. This discovery makes 1t 
apparent that the centrosomes of the spindle and the centro 
meres of all the chromosomes are similar structures, prob- 
ably related in origin. It may be that the relationship Рё” 
tween them is expressed in the orientation by the centrosomes 
of the movements of the chromosomes toward the poles. 

Whether centrosomes are present or not, the completed 
true spindle is itself bipolar. The centrosomes, then, must at 
least represent visibly the dynamic centers at the poles of the 
spindle. This they orient and give a more pointed shape: 
The most striking evidence that the centrosome may actually 
be the dynamic center is that, when it fails to divide 
monasters—half-spindles—are formed, and the chromosomes, 
though duplicating normally, fail to separate far (except aie 
Sciara, as previously discussed), and consequently become 1 
cluded in a single nucleus. Since divisions with or without 
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22 In comparing the concentrations of a solution inside and outside а d 
hypertonic indicates that the dissolved substance is more concentrated OU 
side than inside. 
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centrosomes can occur even in the same organism, it seems 


probable that the difference is mainly between a defined and 
visible dynamic center of spindle formation in one instance, 
and a diffuse and indistinguishable one in the other. 

We speak of a dynamic center, and certainly the mitotic 
figure must be a field of some definite sort of force. Few 
have failed to be struck by its similarity to a bipolar mag- 
Yet the polarization is really not 


netic or electrostatic field. 
asters repel one 


of this type, as the consistency with which 
another shows; when separated they always move farther 
apart than when they are connected by a spindle? Other 
electrokinetic or osmotic, have been sug- 
but while each theory can be sup- 
present little ground for 


types of forces, 
gested as the mitotic force; 
ported by certain facts, there is at 


choosing between them.?* 

Instead of theorizing on the basis of what may be only 
superficial resemblances, it might well be more fruitful to 
see what definite physical changes occur in the cell as it 
undergoes division. There is, for example, a great increase 
in the viscosity of the protoplasm. This is clear in comparing 
the unfertilized eggs of the sea urchin, or similar forms, with 
just-fertilized eggs jn mitosis. The former have little resist- 
ance to being stratified by the centrifuge and, when pieces of 
glass are dropped on them, burst readily. But the eggs in 
mitosis strongly resist stratification, and if they burst at all 
under pressure, the viscous Contents ooze out slowly. Arti- 
ficial agents which can stimulate mitosis in unfertilized eges 
also cause the cytoplasm to gel. Concentrations of salt either 
lower or higher than those in the cell can do this and fur- 
nish us with a clue. For it 1s proteins of the globulin type 

28 Opposite magnetic or clectrostatic poles form a field like an amphiaster, 


but attract one another. i 
24 Full treatment of the various theories of mitoti 
ing on them is to be found in E. B. Wilson, The раро ша сеа 
Heredity, ed. 3, Chap. П, рр. 174-199 (Macmillan, New York е RUDI and 
James Gray, Textbook of Experimental Cytology, Chap. 8, p ‚ 1925); and in 
millan, New York, 1931). А more recent review is that of кре a) (Mac- 
Present Status of Mitosis,” American Naturalist, Vol. 74 аА “The 
+ Pb РР. 25°33 1940. 
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which coagulate in this characteristic way; and globulins 
coagulated by heat or chemicals make realistic amphiasters. 

The coagulation of the protoplasm during mitosis is not, 
however, uniform throughout the cell, 
more solidly gelled, forming a tou 
amphiaster is also a gel. Within the more fluid cytoplasm, 
spindle and asters, carrying the imbedded chromosomes, can 
be pushed about as a whole by a microdissection needle. 
The gel is so stable and so elastic that the amphiaster may be 
greatly distorted, pulled and even twisted into a spiral, with- 
out destruction; but too extensive tearing brings about its 
reversion to the sol state, Ordinarily the mitotic figure tends 
to orient itself in the greatest dimension of the cell, which 1s 


the most stable position for a semisolid suspend 
fluid medium. 


The periphery is 
gh ectoplasm; the whole 


led in a more 


ѕ and constriction is almost 
mitosis in which there are 

omc asters at the poles of the spindles. 
Changes in viscosity play a part here as in spindle formation, 
50 it is not surprising to find that carbon dioxide, which al- 
ters the hydrogen ion concentration, and so affects sol-gel 
reversibility, has a profound effect on both spindle formation 


and cleavage; or that high Osmotic concentrations dissolve 
both spindle a 


in tapering rays of the 
plasma flows in to- 
ward the centrosomes, 


1 where it accumulates. This can be 
readily detected, for the 


centrosome ste. 
and solid particles or oil 


migrate toward it. The b 
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more fluid. The growth of the asters depends upon the area 
over which they can extend—this can be shown by cutting an 
egg into fragments when the asters are still small-and the 
position and depth of the cleavage-furrow in turn vary with 
the size of the asters. 

Yet after all, asters are not absolutely necessary to constric- 
tion. This is especially clear in isolated cells, such as white 
blood cells or certain kinds of cells growing in tissue-culture, 
which have no asters but which, nevertheless, divide by con- 


striction. First, they become ellipsoidal. Then, as the equato- 


rial constriction appears, blisters are extruded and resorbed 


at the poles, and currents: flow superficially from the poles to 
here they turn inward and flow back to the 
poles. These blisters and currents are just what would be set 
up by a lowering of surface tension at the point closest to each 
pole, or by an increase of surface tension along the equator. 
The change in surface tension may be due to the approach 
of the reconstructed nuclei to the surface of the cell. The 
completion of fission appears, from studies of amebas and 
tissue-culture cells, to be essentially locomotory. The two 
halves simply crawl in opposite directions until they part 
company! In the absence of asters, constriction is therefore 
probably due to a change in the surface tension of the cell, 
followed by locomotion. 

In cells with asters the outer layer is clear and tough, and 
much less fluid than the underlying cytoplasm. It collects at 


the equator, and, according to at least one series of observa- 
tions, actually grows in toward the center of the spindle. 
do the cell plate and cell wall of 


Hence it serves much as 
plant cells, holding the two daughter cells together, although 


without their rigidity. Without doubt, therefore, the asters 


are connected with the mechanics of cytoplasmic division in 
cells which remain associated.** А a 


the equator, w 


25 The chapter by Robert Chambers in the General Cytology edited b 
E. V. Cowdry (University of Chicago Press, 1924) deals with the ее e 
tion analysis of the physical structure of the cell, during mitosis as well as in 
the interphase. It is somewhat out of date and needs to be supplemented 
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CELL DIVISION IS SIGNIFICANTLY AFFECTED BY 
CHEMICAL SUBSTANCES 


The role of chemical substances in stimulating cell divi- 
sion has been indicated in a number of observations. Mitosis 
in tissue cells is speeded up by foreign blood serum; in white 
blood cells by bacilli. Malignant tumor cells produce a sub- 
stance stimulating the mitotic activity of tumor tissues, and 
substances found in the vascular bundles of plants promote 
cell division in the healing of plant wounds. A cluster of 
cells of common origin has a marked tendency to divide syn- 
chronously. The general tendency of undifferentiated cells 
to divide rapidly, but to slow down 
rates of division as they age and specia 
presence of chemical factor 
mitosis. 


and acquire different 
lize, also indicates the 
s which control the occurrence of 


Certain substances have been found w 
growth in plants, 
Three of these gr 
called, are known 


hich markedly affect 
either by stimulation or by inhibition. 
owth hormones, or auxins, as they are 
at present, namely, auxin a, auxin b, and 
heteroauxin. They are complex organic acids. Though they 


affect growth chiefly by cell enlargement (see Chapter IV, p. 
197), auxin a and heteroauxin 


both in primary 
this requires con 


Gray (op. cit.) is excellent, though biased Slightly by his own views of the 
mechanism of cytoplasmic cleavage. Chapter IX and the first part of Chap. 
X (to p. 150) of T. H. Morgan, Experimental Embryology (Columbia Univer- 
sity Press, 1927) are also good. More recent are L, V. Heilbrunn, An Outline 
of General Physiology, 


i о Chaps. VIII and XLII (W. B 
1937), апа W. Seifriz, Protoplas 
26 Primary growth in a 


: y Plant is that which takes place at growing tips 
(meristem) in young ti i 
and buds of all kinds, 


| 


“It is one of the basic chemica 
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auxin on cell division as a sort of indirect chemical stimula- 
tion. Since the processes comprising cell division and those 
prerequisite to it are extremely complex, and the substances 
involved are legion, it is not surprising that many substances 
can be found, especially those affecting general metabolism 
and oxidative rates, which also influence mitosis. Among 
these, besides the auxins, are other hormones such as adren- 
alin and insulin, organic acids such as acetic and citric acids, 
salts such as sodium chloride, and sugars such as levulose. 
Among the elements known to be essential to life is sulfur. 
In the cell this element is combined chiefly with hydrogen, 
forming what is called the sulfhydryl group (-SH) attached to 
some organic combination. Chief sulfur-supplying constitu- 
ent of an adequate diet is the amino acid, cystine. In cystine 
two sulfur atoms are linked to each other and to organic 
groupings, so that, if we symbolize the latter in general by R, 
cystine can be represented as R—S-S-R. Cystine is easily re- 
duced to two molecules of cysteine, which is accordingly 
R-SH. Either cysteine or cystine combines with two other 
amino acids to form glutathione, which therefore exists in two 
states R-SH and R-S-S-R (see Note D, p. 52). Now gluta- 


thione (R-SH) is present in most, if not all, living cells. 
1 substances upon which life de- 


pends; and the characteristics of life must to some degree 
depend upon its chemical properties. Its distribution in rap- 
idly growing tissues, such as the root tip of an onion or a 


regenerating segment of the hydroid animal Obelia, cor- 
responds to the intensity of metabolic activities (oxygen 
consumption, carbon dioxide production, reducing power of 
tissues, cellular electric potentials)" It is therefore highly 


2: Metabolism is customarily defined as the sum of all chemical and physical 
changes taking place in an organism, yet it is generally used in a much more 


restricted sense, for the definition just given is virtually synonymous witk 
life and is so inclusive as to be well-nigh meaningless. However, all of th А 
activities either release energy or require it; and since nearl ‘all ee 
activities, with the exception of the photosynthesis апы ош OF ee an 
plants, get their energy from the oxidations which are the ener; д Seins 
processes in nearly all organisms, the intracellular oxidations chy te hen 

s ken 
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significant that glutathione, in either form, and ese 
other organic compounds of the R-SH type, too, stimula 
mitosis in plant and animal cells. | "T 
The importance of sulfhydryl in controlling mitosis m 
shown by the following instances: (1) In the absence of sulfur 
in the environment, the rate of fission of a protozoan (Chi- 
lomonas) diminishes rapidly until death occurs. This slow- 
ing up of the rate of division seems due to the rapid decrease 
in internal sulfur per cell, as fission proceeds and the existing 
store is thereby steadily halved. The stimulating effect of the 
sulfhydryl upon mitosis is greatest at a certain optimum con- 
centration, both above and below which it lessens. (2) In 
the ameba, cell volume (and especially nuclear volume) is, 
as we have noticed, a prime factor in controlling the rate of 
mitosis. Glutathione causes the nucleus to attain the opti- 


mum size for mitosis more rapidly. Thus nuclear division is 
stimulated, although c 


ytoplasmic division does not always 
follow. ( 


3) Copper and lead inhibit nuclear growth and di- 
vision, presumably by reacting with sulfur 
the -SH group. (4) The rate of cell divi 
correlated with potential size in rabbits 


and breaking up 
sion is positively 
‚ and potential racial 


as а measure of the entire met: 
usage of metabolism, in the sei 


and their more immediate consequences, 
The total ra 


te of oxidation in an organism or tissue can be measured by 
the amount of oxygen it consumes. Measurement by the amount of carbon 
dioxide produc ption that all oxidations are carried to 
completion, bu d may not be seriously in error. Meas- 


abolism. This has naturally led to a dou 
nse of the oxidations going on in an organis 


of it will be eliminated, at any 


rate promptly. (The same 
apply to the measurer 


ment of carbon-dioxide produc- 
he presence of light.) For every oxidation there md 
ction, so that measurement of the reducing power О 
ative capacity. Finally, the rate 
mount of some form of energy 
energy is thus lost 


tive total oxidations. appears to be universally produced 
d arply divided as to whether it is directly 
related to cellular oxidation or not, 
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size is similarly correlated with the glutathione content of 
the newborn rabbit. (5) The hairlessness of hairless rats is 
due to a gene that also renders its carriers unable to produce 
cysteine (R-SH) from cystine (R-S-S-R). The hairlessness 
is very likely a secondary result of the chemical defect, being 


produced by way of the influence of the latter over cell 


division. Thus the last two instances indicate that certain 
echanism. 


genes control cell division through this chemical т 

Although we can detect no change in heat production 
either as interphase gives way to mitosis or during the prog- 
ress of mitosis, there is a clear-cut fluctuation in oxygen con- 
hich has been correlated with changes in the 
concentration of the R-SH glutathione. This must mean 
that the interphase and the several phases of mitosis really 
differ in metabolic state. A further sign is that mitosis, like 
all metabolic processes, is retarded by cold, and the tempera- 
ture coefficients,” which are of the order of those of chemical 
processes, vary from stage to stage (highest in prophase; low- 


est in anaphase). 
But although the oxyge! 
tosis, this does not prove th 


sumption, W. 


1 consumption changes during mi- 
at cell oxidations control mitosis. 
As a matter of fact, many substances which affect respiration 
—carbon monoxide, for example—do not affect cell division 
atall. On the other hand, the events of cell division seem to 
influence the rate of oxidations rather than the reverse. 
Whether, then, the effect of glutathione upon cell division is 
independent of its role as an oxidative enzyme, or whether, 
as is more likely, the two roles are in some manner inter- 
related, and, if so, how—the answer will certainly be of major 


importance to our understanding of life. *° 
oefficient of any process is the number of time: 
rate of the process increases for each rise of 10? C. 

2)» Оп the sulfhydryl problem, only original papers are available. The 
rather contrary views of Hammett and of Mast and Pace should be com- 
pared critically. The former has written a great deal, but the essence of his 
ideas can be obtained in the one paper listed here. His views have been 


severely criticized by a number of workers. 
See Hammett, F. S. "The Natural Chemical Equilibrium Regulative of 


28'The temperature с s the 
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After careful observation, the similarities and dissimilari- 
ties of the mitotic cycle in hundreds of forms have today 
been summed up, and any possibility that purely descriptive 
morphology can throw further light on its nature is largely 
exhausted. For a deeper understanding of the intricate na- 
ture of cell division, we must turn to biophysics and bio- 
chemistry. Already a beginning—very 


tentative and uncer- 
tain, to be sure, but still a beginning—h 


as been made. 


REPRODUCTION AT ITS SIMPLEST IS CELL DIVISION 


For the thousands of varieties of plants and 
live as single cells, the process of mitosis and cytoplasmic di- 
vision, followed by separation of the two newly formed cells, 
is reproduction. The Paramecium and the ameba, the dia- 
tom and the desmid through this fission multiply at as- 
tounding rates. This throws a great deal of light on such 
basic life phenomena as Sex, variation, and natural death! 
Sex, which we have perhaps considered almost a synonym 
for reproduction, is here divorced from it entirely. Even in 
protozoa, where a sexual Process (conjugation) does occur, it 
seems to be quite unnecessary, for in one laboratory some 
20,000 generations of Paramecia have been raised without it, 


by fission alone. In the evolution of life, sex must be a rel- 
ative newcomer in 


is true that we can 
forms, 


animals which 


s in the smallest of all living 
sion there; and the elaborate 


€s to duplicate themselves is 
able substrate, 


Growth by increase in Cell Number," Protopl. 
b asma, 
Mast, S. О. and Pace, D, M. "Relation between 
cal Forms and the Rate of Growth in the Colorl 
Paramecium,” Protoplasma, Vol, 23, 


Vol. 11, pp. 382-411. 1930. 
Sulfur in Various Chemi- 


ess Flagellate, Chilomonas 
РР. 297-325. 1935. 
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which can 


This is like the protein molecule of the virus, 
although 


also duplicate itself under appropriate conditions, 
otherwise it cannot. This duplication is, then, the very es- 
sence of reproduction, coeval with, perhaps even preceding, 
the origin of life itself. 

What is the extent of individual variation under these cir- 
cumstances? Clearly enough, since each chromosome is split 
and each gene duplicated, and since each cell receives a com- 
plete set, the sets of genes carried by offspring produced by fis- 
sion must be identical. If we begin by isolating a single organ- 
ism, the continuation of this process of cell division will soon 
result in a whole race of individuals carrying identical genes. 
Such a race is called a clone. Whatever variation occurs ina 
clone, provided the genes remain stable, must result solely 
from differences in the environment to which the indi- 
viduals are exposed; апа, were they to live together within 
iform environment, both they and their de- 
scendants would manifest no variety whatever. They would 
form a race of individuals much more alike than two 
identical twins among mankind. Attempts have been made 
s into races which would perpetuate 
ariations resulting from the environ- 
] been unsuccessful. For example, 
Hopkins University, by selecting 
large and small Paramecia in a pure race, tried to estab- 
lish different stocks which would maintain these differ- 
ences, but to no avail. Large and small alike had progeny of 
the same average size. The same was true for reproductive 
rate and for resistance to heat ог chemicals. Other men have 


had no better fortune in trying selection within pure lines of 


bacteria or yeasts. 
In plants which will grow from cuttings of stems, roots, or 


other vegetative parts, and in such animals as reproduce by 
budding or fission, or in which females produce daughters 
from unfertilized eggs, descendants carry sets of genes iden- 
tical with those present in their ancestors, and pure lines may 


a completely ш 


to split up such clone 
through heredity the v: 
ment, but they have al 
H. S. Jennings, of Johns 


° 
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be propagated. Here again, selection within the pure line fails 
to establish races hereditarily different. This has been tried 
in Hydra, plant lice, the lower crustacea, and in many other 
forms. So well recognized is the principle in plant breeding 
that florists and horticulturists have long made a general 
practice of propagating their valued strains vegetatively. 

In the higher animals, pure lines cannot exist, but fission 
may occur during the development of a fertilized egg. Either at 
the two-celled stage or later, an embryo may divide into two 
or more separate parts, each of which becomes an individual. 
This phenomenon will be considered in other aspects later, 
but here we may note the practical identity of such individ- 
uals—not with either of their parents, to be sure, but with 
one another—whether armadillo quadruplets or Dionne quin- 
tuplets. 

And what of death? Is there among the one-celled or- 
ganisms no ageing, no wearing out of the protoplasm or of the 
genes? The answer seems to be that cells removed from an 
organism can grow, divide, and grow again in a ceaseless 
cycle as long as external conditions are suitable. The cells 
may even attain a certain degree of differentiation, and cling 
together in a loosely organized, simple tissue. The famous 
cells from a chicken’s heart have been living and growing in 
this way for thirty years since the culture was originally 
started by Alexis Carrel. Their protoplasm does not die; 
it is simply divided among the daughter cells. 

Protoplasm does not die because 
There is a constant exchange of materials between environ- 
ment and cytoplasm. Foods, including oxygen, enter the cell; 


wastes, including carbon dioxide, leave it. Yet this metabolic 
activity of itself seems no more to produce ageing and death 
than the vortical whirling of water 


; іп a basin into which it 
is running steadily from a tap and from which it is carried 


off equally steadily by the drain, results in exhaustion and 
end. Senescence and mortality in the cell appear rather to 
depend on three things. The primary cause appears to be 


asit wears out it is renewed. 
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specialization. In the higher organisms this takes the form of 
an aggregation of “specialist” cells. The aggregation is nat- 
urally attended by an increasing difficulty in maintaining for 
all cells a regular supply of foodstuffs and a regular removal 


Thus the cell is gradually choked by its own prod- 
e pay the price of death for the 


Our complexity is our 


of wastes. 
ucts and is slowly starved. W 
division of labor in our bodies. 


doom.?? 
As the division of labor among a group of cells increases, 


the reproductive function itself is restricted to fewer and 
fewer of their total number. This is well illustrated in the 
members of the Volvox order, simple types at the bottom of 
the plant kingdom. Chlorogonium (Fig. A) is at first a sin- 
gle cell, bearing at one end two whiplike lashes (flagella) 
with which it swims, of chloro- 
plasts enabling it to carry 


and containing a number 
on photosynthesis. By cell divi- 
sion, this individual becomes two cells; then the two, four. 
apsule is secreted around the first individual, 
the four are not entirely independent, but are confined for a 
time (Fig. 7B). Eventually the capsule bursts, and each’ of the 
four is set free to repeat the cycle. Here, evidently, the ca- 
pacity to reproduce is not limited. Each of the four is re- 
productive, and, if we think of the group as the individual, 
each cell is a spore, or reproductive cell. Pleodorina is like 
Chlorogonium, except that the process of cell division within 
the secreted capsule continues until there are 89—128 cells in 
all (Fig. 7C, D). These are all much alike, resembling the 
Chlorogonium individual, except that those at one end of 
the colony are smaller than the others. When the capsule 
ruptures, all but these small cells can form new colonies by 
cell division; but the small cells, solely vegetative, perish! 
Volvox is much larger yet, with more than a thousand cells ar- 
ranged over the surface of a great spherical capsule (Fig. 7E). 


However, as a с 


30 The first two chapters in Н. 5 Jennings’ book Li, 

p ; 5 Жош e and р eredity 
and Evolution in Unicellular Organisms (Richard "4 Badge cibo pn 
deal with these questions, and are extremely thought-provoking ‚ 2920) 
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Fic. 7. The simplest division of labor among cells, 
reproductive functions, as seen amon 
not drawn to scale, A, Chl 
a group of four, undiffere; 


that of the vegetative and 
5 green flagellates of the Volvox order, 
orogonium, а Solitary individual. B, Chlorogonium, 
ntiated. C, the colonial form Pleodorina illinoisen- 
sis, with four small Solely vegetative anterior cells and twenty-eight large 
reproductive posterior cells. D, Pleodorina californica, with relatively more 
vegetative cells and fewer reproductive cells. E, Volvox. Each cell is located 
in a hexagonal zone of the gelatinous sphere, and communicates with its 
neighbors by fine strands of Protoplasm. There are relatively few of the 
larger reproductive cells and very numerous tiny vegetative ones, Daughter 
colonies are developing within the mother sphere. (4 and B redrawn from 
Hartmann; С, D, and E, 


redrawn from Plunkett's. Elements of Biology. 
Courtesy of Henry Holt and Company) 
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The reproductive function is here limited to about a third 
of the cells in one half of the colony. These can drop down 
into the center of the hollow ball, and form daughter colo- 
nies, small spheres within the larger опе." Eventually they . 
are set free when the parent colony, grown old, ruptures and 
dies. 

The power to form reproductive cells (whether spores or 
sexual gametes) is still further limited in the higher plants 
and animals, where it is confined to definite reproductive 
organs. With the advent of cell aggregation and differenti- 
ation there is a progressive decrease in the proportion of 
cells that retain the capacity to produce a new individual 
when isolated from the organism. Cells which specialize upon 
other functions lose this power. 

The isolated cell or one-celled plant or animal possesses all 
the general capacities of the specialized cells of an organism 
such as man, who is billions of times greater and indescrib- 
ably more complex; but its capacities are not developed to 
the fullest. The protoplasm flows around food material, di- 
gestive enzymes are secreted, the liquefied food matter is 
absorbed and transported to all parts of the cell by diffu- 
sion and by currents. Oxygen enters the cell, the foods 
are oxidized to yield up their energy, or are synthesized to 
become constituents of the protoplasm; wastes are formed 
and excreted through the cell membrane. The released en- 
s forms—heat, light, electricity, chem- 
ical energy, mechanical work. These are controlled and 
coordinated, so that behavior is related to environmental 
stimuli. The course of differentiation consists of progressive 
specialization by certain cells upon some one of these ac- 
tivities. The processes of differentiation are controlled by 
the genes; and the nature of the genic pattern responsible for 
the multifarious variety of life will be considered more fully 
in Chapter II. 


31 Sexual reproductive cells (gametes) are also produced. 


ergy appears in variou 
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NOTE A. ILLUSTRATIONS OF THE BELIEF IN SPONTANEOUS 
GENERATION BY TWO ANCIENTS AND TWO MEN OF THE 
MIDDLE AGES 


Lucretius: “Even now there come out of the ground animals 
(99-55 В.С.) which are brought forth by the rain or the warm 
exhalations of the sun." (De Rerum Natura) 


"Kill an ox two years of age, whose young horns 
are just beginning to curl upon his brow, place 
him in a narrow enclosure strewed with leaves 
of thyme and rosemary freshly gathered, and 
soon from this fermenting humor there rises a 


swarm, which fills the air like rain from summer 
clouds." 


Vergil: 


Paracelsus: "Let the sperm of a man by itself be putrefied 


(1490-1541) in a gourd glass, sealed up, with the highest de- 

gree of putrefaction in horse-dung, for the space 
of forty days, or so long until it begins to be 
alive, move, and stir, which may easily be scen. 
After this time it will be something like a man, 
yet transparent, and without a body. Now after 
this, if it be every day warily, апа prudently 
nourished and fed with the arcanum of man's 
blood, and be for the space of forty wecks kept 
in a constant, equal heat of horse-dung, it will 
become a true, and living infant, having all the 
members of an infant, which is born of a woman, 
but it will be far less. This we call Homunculus 
or artificial тап. ... Now this is one of the 
Breatest secrets, that God ever made known to 
mortal, sinful man.” Comments Cole: ‘“Paracel- 
sus disliked woman, which may explain his at- 


tempt to produce a foetus without the coopera- 
tion of a mother.” 


Van Helmont: A recipe for procuring rats. 
(1577-1644) quired is to cork Up а pot containing corn with 

a dirty shirt; after about twenty-one days a fer- 

ment coming from the dirty shirt combines with 

the effluvium from the wheat, the grains of which 


„++ “АП that is fe- 
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not minute or puny, but 


sare turned into rats, 
32 


vigorous and full of activity.” 


ELIEF IN SPONTANEOUS GEN- 


NOTE B. THE RELATION OF B 
DEVELOPMENTAL THEORIES 


ERATION TO THE CONFLICTING 
OF PREFORMATION AND EPIGENESIS 


Swammerdam, in the scventeenth century, seems to have been 
the first to deny the spontaneous generation oflife. Redi, a Flor- 
entine physician of the same period, had demonstrated conclu- 
sively that maggots appear in decaying meat only when flies have 
access to it. Harvey, his British contemporary, who discovered 
the circulation of the blood, was able through keen observation 
of the developing embryos of mammals, birds, and lower types, 
to conclude rather sententiously: “АП animals, even those that 
produce their young alive, including man himself, are evolved 
out of the egg." Yet neither’ Redi nor Harvey could quite free 
himself of the belief that such tiny creatures as internal parasites 
and various sorts of insects arise de novo. Harvey, studying the 
development of the chick within the egg, concluded, like Aristotle, 
that organs arise successively by differentiation from the unspe- 
cialized substances of the egg. 


ә 
Swammerdam, on the contrary, greatly influenced against this 
epigenetic view by his investigations of the development of in- 
sects, saw in them a gradual unfolding of pre-existing parts. Sper- 
ly been discovered, and the famed Dutch 


matozoa had only recent ind t 
microscopist, Leeuwenhock, believed that life itself came from 


the male through the spermatozoon, while the egg furnished only 
nourishment and capacity to develop. Swammerdam's preforma- 
tion theory, in spite of subsequent distortion by factions con- 
tending for supremacy of egg or sperm, Was the first attempt to 
subject ontogeny to natural law, to explain development in me- 
chanical terms. 
| For the next two hundred years, however, the question of the 
existence of a spontaneous generation of organisms was closely 
tied to the controversy between the preformationists and the epi- 
genesists. The latter began to prevail following the павее б 1 
Wolff (1759) that the earliest phases of development can act TY 
be seen microscopically and are totally intonsitert a ually 

32 Cole, F. J. Early Theories of Sexual Generation. Oxford Uni ^ Mar 
1930. Here is a book full of interest to those who’ tak s University Press, 
growth of our modern conceptions. The preform ti SERE DN EE Ше 
| troversy is well covered. ationist-epigenesist con- 
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theory of preformation. With the discovery of :he mammalian 
egg and the mode of its growth within the ‘ovary by von Baer in 
1828, epigenesis was generally accepted. The discredit of the pre- 
formationist ideas was accompanied by a resurgence in the belief | 
in abiogenesis (spontaneous generation). As microscopes im- 
proved, the myriads of bacteria, microscopic plants and animals 
present in the waters became evident in almost innumerable va- 
riety. Their life cycles were too difficult to trace with the meth- 
ods and equipment of the time, and they had a way of inevitably 
turning up in any situation where there was a food supply. 
Many, indeed, believed that the origin of these in vessels which 
had been free of them was actually proved. These things explain 
the scorn and vehemence met by Pasteur when, in 1860, he put 
forward the claim that he had demonstrated that even these m! 
nute forms arise from organisms already present. 


NOTE C. PASTEUR ON SPONTANEOUS GENERATION 


In his lecture before the Sorbonne, on April 7, 1864, Pasteur 
summed up his crucial experiment in these words: “Неге, gentle- 
men, is an infusion of organic matter of perfect limpidity, limpid 
as disilled water, and extremely alterable. It has been prepared 
today. Even tomorrow it will contain animalculae, little infu- 
sorians or flocculi of molds. 

"I place a portion of this infusion of organic matter in a flask 
with a long neck, like this one. Suppose I boil the liquid and 
then let it cool. At the end of some days, molds or infusorian 


animalculae will have developed in the liquid. By boiling, I 


have destroyed any germs which might exist in the liquid and on 


the surface of the wall of the flask. But as that infusion comes 


again into contact with the air, it becomes altered, as do all 
infusions. 


"Now suppose that I repeat this experiment, but that, before 


boiling the liquid, I draw out (with an enameler's lamp) the neck 
of the flask into a point, leaving, however, the tip open. This 
done, I bring the liquid in the flask to a boil, then I let it соо]. 
Now, the liquid of this second flask will remain completely un 
altered, not two days, not three, four, not a month, a year, but 
three or four years, for the experiment I am telling you about is 
already that long. The liquid remains perfectly limpid, as limpid 
as distilled water. What difference is there then between those 
two flasks? They contain the same liquid, they both contain air, 
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both are open. Why then does this one пало слее б 
that one does not? Here, gentlemen, 1s the on) rd ае ап 
tween the two flasks: In this, the grains tees 2 Ше neck of 
pended in the air and their germs can fell up they find 
the flask and come in contact with the санаи їс ор 
appropriate aliment and develop. г = Es ia it is ex- 
In that, on the contrary, it i5 Bend a са for the dust 
тешу CUES цз die vs < eo i flask. Where do 
motes in suspension in the а o 15 back 
they go? They fall on its curved ee Mean аа 
into the flask, on account of the laws of ct = pt, the air enters 
tions of temperature, the perdo un gen al Ше ‘solid particles 
slowly, sufficiently slowly for the ди tt » neck, or to stop in 
that it carries to fall at the opening 0 ке 2 


the first part of the репе: is full of instruction. For notice 


“This experiment, See aig, кустук save the dust, can very 
е at everything in the al > Ё k ith the 
i denied de interior of the flask and make contact w 
readi 


liqui sine whatever you choose in the oe ase e 
go mee еп things of which we are still ignorant, a can 
рау nud = contact with the infusion. There is only one 
Шер апа каш ue enter easily, the dust suspended in the air, 
tamg auet 5 hat is, that if І shake the flask vigorously two 
brig prov бо on three days it will оиа ашышы 
or three times, pa ae taken pi 
and: molds. Why С I 
carried 


? Because the return of the 
dust in with it. 
1 ] has 1 
violently and ntly gentlemen, I too could say, showing you 
md. ene f drop of water from the immensity 


д е tak пу Я 3 
this liquid: Uo Ns tel it full of nutrient jelly, that is, 
of en omite? full of the elements appropriate for the 
spea ang scl < : 


f inferior beings. And I wait, ш watch, and I 
development О lemand that it be willing to recommence for 
question it, and 1 br creation; how beautiful a spectacle that 
me the act of primi mute, mute since these experiments were 
would bel Er A n o. АШ that is because I have kept from it, 
Беара а аї this moment, the only thing it has not been 
нга to produce, I have kept from it the germs which 
Hose in the air, I have kept from it life, for life is the germ, and 
the germ is life. Never will the doctrine of spontaneous genera- 
tion recover from the mortal blow which this simple experiment 
has given it.” 

Pasteur then went on to recount how flasks containing infu- 


LIFE BEGINS 
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sion had the tips of their long necks fused in the 208 н = 
torch after being boiled, and while still hot. W Hen 600 1 hd 
within the flasks was, of course, at a low préssure, anc 1 apon 
breaking the tips, air would rush in until atmospheric aree 
was reached. Of twenty such flasks opened on the Mer de : e 
only one became altered. Twenty opened at an Sew. e een 
meters in the Jura mountains yielded growth of ен ыз 
in five. Twenty opened at the foot of the same mountains sh« "er 
growth in eight. As one approaches closer to the ма - 
man, wherever dust is more abundant, the proportion of flas 
showing contamination by germs increases. — 
In concluding, Pasteur showed that even blood and urine, i 
all infusions believed the most putrescible, could be piene 
for years in the state in which they are taken from the body, - 
kept from any exposure to air. “Апа note," he said, “that this 1: 
а case of liquids which have not been subjected to any rise in 


temperature. . . . So, once more, the spontaneous generation of 
microscopic beings is a chimera.” 33 


NOTE D. STRUCTURE OF, AND TEST FOR, GLUTATHIONE 


Some may be interested to know 
damental substance as glutathione 
kins in 1921, and shown to be a 
glycine, and glutamic acid 
the structural formula: 


just how complex such a fun- 
is. First discovered by Нор" 
compound of cysteine (or cystine): 
‚ its recent synthesis shows it to have 


H 


m 
T 


| 
OH O HCSH H 
Ed И | | 
н-О—С—с—с—б—-с—м—сб—-б=хм—б—б—0б-н 


[d ] | | NE 
H-N-HH H нид ий 


The presence of an R 


| -SH substance in a cell may be deter- 
mined by the nitropruss 


ide test. An excess of ammonium ш 
is ground with a little sodium nitroprusside, dissolved, and addec 
to the tissue to be tested. Then a drop of strong ammonia 15 
added. A brilliant Purple color develops, its intensity varying 
with the concentration of the R-SH substance, and then slowly 
fades. 


33 Oeuvres de Pasteur, Vol. 2, РР. 341-346. Masson et Cie., Paris, 1922. 


CHAPTER II 


The Origin of Differences in 
Hereditary Patterns 


E HAVE seen in Chapter I that mitosis brings about 
equal distribution of the genes, and that 


ly upon mitotic cell division must 
result in genetic identity, accordingly limiting variation to 
the effects of the environment. Yet variety, well-nigh uni- 
versal among life-forms, is undoubtedly to a great extent 
genetic, as the differences between families show. Reproduc- 
tion among most organisms must then involve more than 
oroductive cell formed through cell divi- 

usually being associated with sex. 


an exactly 
reproduction based sole 


mere isolation of a те} 
sion. As we know, it does, 
E HIGHER PLANTS AND ANIMALS, INDIVIDUALS USUALLY 


AMONG TH 
F TWO REPRODUCTIVE CELLS 


ARISE BY THE FUSION O 
Sex is fundamentally the capacity to form certain sorts of 
reproductive cells, known as gametes. The essential feature 
of these cells is that they fuse to give rise to a new individual, 
thus differing from spores, which can begin development au- 
tonomously. The fusion of gametes is usually called fertili- 
zation, a word connoting an impetus to growth. The fusion 
has two consequences. One result, indicated by the word 
- itself, is hs removal of the block which normally prevents a 
d iet rie cell division. (We shall consider this 
aspect turt p ише apter III.) The other is of great im- 
rtance in bringin i ee be 
port ging about hereditary variation: it is the 
53 
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aggregation within a single cell, and hence in the a 
ual developing from that cell, of genes derived from СЕА 
parents. Since the impetus to growth and development can 
be provided by other means, we shall use the term ундай) 
for the fusion of gametes, in order to emphasize its lieredi- 
tary consequences. The single cell, formed by the combar 
tion of gametes from different parents, is called a zygole, 
from the Greek word for yoke. . 
In simple organisms gametes are alike and are often "d 
distinguishable from other cells. However, among most Or- 
ganisms there is a division of labor between the two gametes. 
One takes over the function of supplying the zygote with the 
necessary protoplasm, food, and cell structures. It attains 


е $e y 


A B c 
Fic. 8. Progressive steps in the division of 1 
Bametes, as seen in various 
В, gametes slightly differe 
typically differentiated. 


abor between male and ai 
gregarines (parasitic protozoans). 4, gametes sam 
nt. C, gametes considerably different. D, gametes 


a larger and larger size, consequently becoming less mobile, 
and is known as the megagamete, or ovum. This is the fe- 
male gamete. The other becomes especially fitted for loco- 
motion, and proportionally smaller and smaller. It is the 
male gamete, and is known as a microgamete, or sperm 
(spermatozoon). The differences between ovum and sperm 
have, no doubt, arisen in successive 
least, a progressive series of such step 
the types of gametes to be found in 
the simpler plants and animals, as, for 
unicellular parasites (gregarines), 
cavities of vertebrates (Fig. 8). 
In man, the gametes differ 
Jook at the sperm, 


evolutionary steps. At 
5 can be arranged from 
a number of groups of 
example, among certain 
which live in the body 


quite characteristically. If we 
we find that it has a small oval head, flat- 


HEREDITARY PATTERNS 55 


tened at the tip. The head of the sperm is formed from the 
highly condensed chromosomes of the nucleus with a little 
cap of granules from the cytoplasm. А short neck and a slen- 
der middle-piece come from the centrosome. A long delicate 
whiplike tail propels the sperm. This is produced by the 
elongation of the cytoplasm around a central filament, which 
grows out of one of the two centrioles, those minute granules 
at the core of the centrosome. So very tiny is the whole sperm 
that, according to calculation, all the sperms which will take 
part in the production of the next generation of mankind, 
some two billions of them, could be packed into a space half 
the volume of an aspirin tablet. (See Figs. 9B and 104.) ; 

The sperms of other animals are very similar, and the same 
parts can be identified in each (Fig. 10). In many instances the 
anterior cap is curiously modified, pointed, coiled, even hatchet- 
or corkscrew-shaped.* Among crabs and other crustacea 
peculiar sperms are formed with a central body surrounded 
by radiating arms. al region is the compact 


Here the centr 
nucleus, the radiating arms are outgrowths of the neck, and 
a cylindrical or conical part oppo 


site the nucleus is homol- 
The sperms of certain flatworms have two 
flagella instead of a single tail-filament. 

Plant sperms are also essentially similar. The motile types 
found in the lower plants usually have two whiplike flagella, 
like those of the flatworms just mentioned. Or they may 
have four or more, а Step toward the situation in the ferns. 
Here the nucleus is coiled about the rounded cytoplasm, 
and the coil is continued by à structure from which delicate 
hairlike cilia stand out in tufts. This structure arises from a 
cytoplasmic body similar to that which forms the anterior 
cap of the head of animal sperms. The free-swimming sperms 
of the ferns and their allies are connected by transitional 
types with the nonmotile microgametes typical of seed plants. 
The ginkgo tree and the cycads, for instance, have simplified 


ogous to the tail. 


1 Beware of jumping at conclusions! These are probabl i 
c g 8 5 not i 
for violently penetrating the egg. E 4 proe 
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man. B, the field mouse Mus agrarius. С, 


. 4, : i 
d Dufo. E, the skate Raja (showing only a small 


the bird Chloris. D, the e F, the liverwort Реа. С, the crab Inachus. 


Fic. 10. A variety of sperm: 


i i amen d | 
portion of E (eh the water fern Marsilia. J, the cycad Zamia. (Re- 
H, the seaweed ft ‚4, 


drawn from Wilson's The Cell in Development and Heredity, after various 
sources. Courtesy of The Macmillan Company) 

conical sperms with a large nucleus and a spiral band of 
cilia about the upper region of the cell. These sperms, 
though motile, are carried within the tip of the pollen tube 
as it grows out from the pollen grain and are never set 
free. In cone-bearing evergreens (gymnosperms) such as the 
pine and fir, the sperm has no spiral band of cilia, and in 
some cases the cell boundaries and cytoplasm also break 
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down, and the sperm is no more than a nucleus. This is 
the situation in all the flowering plants (angiosperms), the 
two microgametes in each pollen tube being simply nuclei. 

Thus we see that there are regular transitions from the 
sperms of man to the microgametes of the seed plants. Male 
gametes differ in particulars, but invariably have one feature 
in common—the nucleus. There are many sorts of adaptations, 


presumably for entering the egg; and there are various devices 
2 


for securing motility;? but the one structure which is to 
enter the egg, and which must be propelled toward it, is 
certainly the nucleus. This is the one common feature of 


all microgametes. 
The megagamete, or ovum, is more like a typical cell. The 
animal ovum differs from that of the plant mainly in the 
presence of larger amounts of stored food, often of several 
r 5 
kinds, and frequently of a number of complex envelopes: 
nutritive or protective? Within the ostrich egg, for instance, 
the ovum is crammed with yolk, distending it to such an 
enormous size that it is the largest of all cells. Around this 
e 15 an envelope of albumen (the white of the egg), around 
that a tough white membrane, really double, and finally the 
DT te ct N | 
faerie noting that the means of locomotion used by sperms are 
matozoa 7 those Possessed by single-celled organisms. Nonflagellated sper- 
thus anata cither nonmotile or move slowly by cytoplasmic flowing. They 
Борода е either the nonmotile sporozoans, diatoms, and desmids, or the 
dopodia n as the ameba and the radiolarians, with their flowing pseu- 
with eil cae from blunt, thick projections to long, delicate rays. Sperms 
great grou 39 or two flagella resemble in their mode of locomotion the 
between disti fagellated unicellular organisms which lies in the borderland 
inctly animal and distinctly plant forms. The spermatozoa of 
nders, with tails in the form of long undulating membranes 
osomes. Finally, the ciliated sperms of the fern an 
1s the thousands of ciliated infusorians, which often 
" ranged in spiral rows like those of the cycad sperm- 
cells poss БЕ resemblances too far, this is enough to show that isolated 
and creepin gd common means of locomotion: either by ameboid flowing 
dulatory Nen Y differentiation of vibratory cilia and flagella, or by an un- 
. celled or; ES ane MID discussing the course of differentiation in many- 
AII life i unie ks а find that their cells, too, employ the same devices. 
Tough t ialiti ent. 
3An ovum siti gh these common potentialities of cell movem 


anial a unded by nutritive and protective coats is known 1N 
5 ап egg, in plants as an ovule: 
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shell, The mammalian ovum is not as large as the eggs of 
other vertebrates. Surrounding it there is a layer of nutritive 
cells, the corona radiata, which is broken up and dispersed at 
the time of fertilization. The ovum itself is much smaller, 
130-140, in diameter, so that it is just visible to the naked 
eye as a small speck. It is roughly spherical, and contains a 
large nucleus, in diameter one third to one fourth that of 
the cell. The cytoplasm contains only a moderate amount of 
yolk (Fig. 04). 

These differences are clearly 
of the embryo. During the long period of incubation, a 
developing bird must rely entirely on the stores of food and 
moisture within the egg. and must be protected from injury. 
On the other hand, a mammalian embryo very rapidly 
establishes a source of supply through connection with the 
body of its mother and, warmly sheltered within the uterus, 
needs less in the way of protection. This also explains the 
situation in the megagametes of the seed plants. Food is 
stored up for the developing plant, though in the surround- 
ing layers and not in the-ovum itself. Quite generally, then, 
stored food is present within ova, put its amount varies with 
that available elsewhere in the egg and also with the length 
of the period during which the €88 or ovule must depend 
entirely upon its own resources. 

Inasmuch as the substances making up the stored food 
not only furnish energy for growth and development but also 
supply the components of the living substance itself, they 
include inorganic salts, water, and proteins, fats, and carbo- 


hydrates.* 


ата the hen's egg, th 
Water, «aterert irre 
Fats, lipoids and sterols 
Proteins ih 
Inorganic salts 
(Na, К, Ca, Мр, Fe, Si, SO,, PO,, Cl) 
Carbohydrates, except for a little free glucos ki ri i 
and mollusk eggs there is considerable on нан de iue Ee 
hydrates in eggs is what we might expect, for, in general, ts e 
d have 


associated with later needs 


e composition of the yolk is approximately: 
of 
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The ovum always contains a nucleus and a surrounding 
body of cytoplasm. In the latter are often structures which 
are thus directly passed on to the zygote. Plastids, for ex- 
ample, which are concerned with photosynthesis or starch 
formation in plants, are transmitted in this way to the off- 
spring, and therefore stem entirely from the mother. In 
animal ova there are often pigment granules, and mitochon- 
dria and chondriosomes (granules and rods), which, there 15 
evidence to believe, are seats of oxidative activity. Bacteria, 
filtrable viruses, and other parasites are also sometimes passed 
on in this way, as Pasteur found to be the case in the trans- 
mission of the “corpuscles” causing the fatal pébrine disease 
of silkworms. . 

We pass now to the several phases in the process of fertili- 
zation, the interesting features of which can be considered 
briefly, especially since we shall confine ourselves mainly to 
the events found to occur in animals. How does a sperm find 
its way to an egg? In one plant (Fucus) and perhaps in sea 
urchins, some substance secreted by the egg attracts sperms (0 
it, but most attempts to demonstrate a chemical attraction 
between egg and sperm have been unsuccessful. Rather, the 
sperms seem to drive blindly about until they meet an ovum; 
or else, within a short time, they perish. In animals where 
fertilization is internal, there is, to be sure, a general guide 
in the nature of the passages traversed.5 Ova which are fer- 
more potential energy per unit weight, are a better and more customary storage 
form than carbohydrates, The distribution of phosphorus in the yolk is exper 
cially interesting because it differs materially from that in differentiated cells- 
In the yolk there is a high Proportion of lecithin and a characteristic phospho- 
protein called vitellin; in tissues there is much less of these and the proportion 
of inorganic phosphates and of nucleoproteins is increased many fold. This in- 
dicates that in the cytoplasm the fats are used up to furnish energy, and that 


phosphorus-bearing proteins of a nutritive type, such as casein in milk, are 


broken down, transferred to the nucleus, and reconstructed in a form associatcc 
with chromosome activity, 


of the tubes, however, are greatly folded, 
altering their contacts with 
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ve a thick coat of protective jelly, 
atozoa establish con- 
n, as al- 


61 


tilized in water often ha 
Which so increases their siz 
tact with them more readily. 
ready mentioned, has surrounding it a layer of nutritive cells, 
which similarly increases its size. 

Once a sperm meets ап 685 it appears to be entrapped, 
and so a large number of sperms are soon swarming about the 
egg. Wriggling vigorously, the sperms penetrate the outer 
coat of the egg. When this is a layer of cells, as in the mam- 
malian egg, it seems to be dispersed by their activity. Some 
ova, such as those of insects ОГ fishes, have only one point at 
which they may be entered by a sperm; others, such as the 
Mammalian ovum, сап be entered anywhere. In either case, 
sperms reaching the surface of the ovum become passive. A 


small cone then bulges from the ovum toward one of the 
yn into the ovum, usually in entirety, 


ng its tail behind; or even, as in the 
worm, Nereis, leaving its midpiece too. Evidently neither tail 
nor midpiece can be considered essential to fertilization, but 
only the head—that is, the nucleus. 


Upon the entry of one sperm, fluid rapid 
between the ovum and the toughening outer membrane of the 


egg. In eggs fertilized in water, this fluid is imbibed from the 
surroundings, but in mammals there is a very definite shrink- 
age of the ovum itself, which is thus so adapted that it de- 
pends upon its own supply of liquid. Every past change in the 
situation of the ovum, as of any cell, has necessitated certain 
corresponding changes in its own system. Or perhaps it 
would be better to say that changes in the genes controlling 
the cell system have made it possible for the cell to meet 
new situations more successfully! The instant result of the 


e that sperm 
The mammalian ovur 


sperms, and it is drav 
but in some cases ]eavir 


ly accumulates 


form and reform. In the center of each rary 

flows up, so that some sperms will be canis ТАГЫ endl à Hic стед 

ment and into the next, as the folds alter the posites к of ^ compart- 

Chance thus determines not only which sperms reach th of their contacts. 

uterus, but likewise which are first successful in топык ШЫР E € 
г journey on 


up the Fallopian tubes to the egg. 


° 
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changes just described is that all other sperms are eet 
from obtaining entrance. Where the ovum is thus adjusted 
to the entrance of only a single sperm, poisons may cause the 
fertilization membrane to form so slowly that two or more 
sperms may enter. Development is always abnormal when 
this has occurred. 

The membrane, however, is not the only insurance that 
one sperm and no more will participate in syngamy. A sub- 
stance which diffuses out of mature ova, and which causes 
sperms swimming in water to clump together, ceases to be 
produced at fertilization or whenever the fertilization mem- 
brane is formed, whether by the action of the sperm or of vart- 
ous other agents (for example, butyric acid). The capacity of 
ova to be fertilized depends upon their content of this sub- 
stance, which has been named fertilizin. 'The instant a sperm 
enters an ovum, some sort of chemical reaction between 
sperm and fertilizin sets up a block to further fertilization." 

We next find the sperm turning right about immediately 
after its entry. Developing about the centrosome in the mid- 
piece, when this enters, there appears an aster. The centro- 
some divides and gradually there is formed a typical spindle. 
The course of events from this point on is determined largely 
by the stage of the egg nucleus. 

If the ovum is already mature (that is, if it has passed 


5In eggs which contain a great deal of yolk (insects, amphibians, birds, 
etc.) more than one Sperm normally enters; yet only one actually takes part 
in syngamy, and the remainder degenerate. Here the block set up by the 
but to participation in that fusion of nuclei 

ole series of events. This situation also pre 


One sperm unites with 
disintegrating, 
plants, fuses w 


he developing embryo. This is the 
tyledons, and since this group © 
plants includes all our cultivated grains, our Principal food supply depends 
directly upon this double fertilization. 
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to be described in the next 
d ovum approach each other 
he fusion nucleus swells, and 
The division which follows 


through the process of meiosis, 
section), the nuclei of sperm an 
and fuse.? The spindle grows, t 
the chromosomes appear in it. 
is typical. 

However, if the ovum is not yet mature, fusion with the 
sperm nucleus is delayed until maturation has taken place. 
In this event the sperm head, while waiting, imbibes fluid 
from the surrounding cytoplasm, and swells into a typical 
interphase nucleus. Next the chromosomes appear, and pass 
through typical prophase changes, so that by the time the 
egg nucleus is ready to participate the sperm's chromo- 
somes are ready to go on the spindle. The ovum s chromo- 
somes then usually occupy one half of the equatorial plane 


of the spindle, and the sperm's the other; and no real min- 
il the daughter nuclei are reconstructed at 


gling occurs unt 
Il division. The final result, however, 1s ob- 


the end of this ce 
viously the same as before. b 
ture of syngamy 15 the com- 


To sum up: the essential feat › 
bination in a new individual of hereditary factors (the genes, 


located in the chromosomes) as a rule derived equally from 


two parents. Other essentials for growth and development 
taining food and cell structures) may be, and 


(protoplasm con r 
generally are, contributed entirely by one parent. 
With one exception (see Chapter III, рр. 147-161), each 


n equal genetic contribution to the offspring. 
ome contri 


buted by the female parent in 


the ovum, a similar one is contributed by the male parent 
in the sperm, so that each chromosome possesses a “homo- 
logue.” The genes in these homologous chromosomes must 
consequently be paired too and, while a gene may occasionally 
differ somewhat from its mate, in most cases they are un- 
doubtedly identical. Here one may well raise a question: 


T'That the two nuclei seen fusing in a fertilized egg are, respectively, those 
of egg and sperm and, hence, that the gametes are cells was demonstrated 
by O. Hertwig and by Fol who were also among the six who determined 


the nature of cell division (рр. 12, 13). 


gamete makes a 
For every chromos 
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Is it true that our inheritance is always half. maternai and 
half paternal? Where our parents do differ as to some trait, 
will we of necessity be a blend between them? Here is a 
family in which the mother is brown-eyed and the father 
blue-eyed, and every one of the children resembles the 
mother. What about that? Evidently syngamy alone cannot 


explain the facts. What additional factor is then involved 
in the transmission of the genes? 


IN THE MATURATION OF THE REPRODUCTIVE CELLS THE 


CHROMOSOMES ARE SHUFFLED AND REDEALT IN SINGLE SETS 

a zygote with two sets of 
one from the sperm. Then 
€ supplied with no more than two 


- When and how? To grasp the 
t to master the basis of heredi- 
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allotted to a different set from its homologue. Is this to be 
found in meiosis? 

As we observe prospective sex cells becoming mature, we 
can notice that they first become different from other un- 
specialized cells by passing through a prolonged period of 
growth, during which a large store of food is accumulated in 
the cytoplasm of each one. This is much greater in the 
potential eggs than in the cells which will produce sperms, 
but it is present in the latter, too. While this storage is going 
on, each chromosome, already doubled as usual for the next 
cell division, pairs up side by side with its homologue, so 
that there appear to be only half as many chromosomes as 
previously, while each one is clearly made up of four strands. 
(It is often called a tetrad while in this association.) This 
intimate pairing of homologous chromosomes, one of pater- 
nal and the other of maternal origin? is known as synapsis. 
It endures for a considerable length of time, so that the 
prophase of this first division of meiosis is greatly prolonged. 
Later we shall see that synapsis affords an important oppor 
tunity for the homologous chrorhosomes to exchange genes, 
but for the moment we shall notice only its effect upon the 
disjunction of the chromosomes. 

As the chromosomes become attached to the spindle, they 
are still paired. Separation then follows, not between the 
strands of each individual chromosome, but between the 
paired homologues. The two cells resulting from this divi- 
sion, therefore, each receive one chromosome from each pair, 
and thus get a complete set of already double chromosomes 
(see Fig. 11). In the second division, each chromosome is 
alréady double, and the usual duplication is suppressed. 

Meiosis thus requires two divisions, each of which dif- 


8 The demonstration that the chromosomes which pair are, respectively, of 
maternal and paternal origin is basic to the Chromosome Theory of Heredity, 
which has in turn formed the essential framework of modern genetics. It 
was made by T. H. Montgomery, University of Texas cytologist, in 1901, just 
after the rediscovery of Mendel's work. 

9 The term chromatid is used to designate a single strand of a split chromo- 
some or of homologous paired chromosomes. 
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We can now ask ourselves what benefit, if any, is conferred 
upon sexual organisms by the existence of syngamy and 
meiosis. What advantage does а diploid constitution ap- 
parently have over a haploid? This we can discern by con- 
sidering a certain ameba (Ameba diploidea) and some of the 
fungi (Ascomycetes, €. 8» Pyronema). In the ameba, for 
example, two individuals conjugate, much as in the familiar 
process in Paramecium. A bridge of protoplasm is formed 
between them and, following meiosis, а haploid migratory 
nucleus from each crosses into the other, where a similar 
haploid nucleus has remained. When they separate, each 
individual therefore has two haploid nuclei, of different 
origin. Instead of fusing as they commonly do in other pro- 
tozoa, in this ameba these two haploid nuclei remain side by 
side, dividing synchronously. To all intents and purposes the 
essential function of syngamy. that of bringing together in 
one cell nuclear material of different origin, is therefore ful- 
filled. The ameba is diploid, and not haploid, through its 

es to conjugate again, the two 


life cycle. Yet when it prepar г 
to be followed immediately by meiosis. 


he fungus is essentially the same—is highly 
illuminating. It shows that the advantages of a diploid con- 
stitution, whatever they are, depend only on the presence 
within the cell of the two sets of chromosomes, although for 
s to occur these must be in the same nucleus. 

Now just what feature of meiosis could occur only if the 
chromosomes of maternal and paternal origin are included 


in the same nucleus? Obviously, the pairing of the homol- 


ogous chromosomes—and, subsequently, their disjunction— 
could occur only if this were the case. Have we noticed all 


the consequences of this? If we glance at Fig. 11 again, we 
can see three pairs of chromosomes, one pair of big V's, one 
of medium-sized rods, and one of very small globules, shaded 
so as to distinguish those of the original paternal set from those 
of the original maternal set. But the sets of chromosomes 
sorted out into the gametes are not necessarily есе same 


nuclei first fuse, 
This case—that of tl 


meiosi. 
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original sets; that is, the original paternal and ше don 
tributions are shuffled before they are redealt to sperms от 
eggs. Each gamete carries a complete set of ев 
for it gets опе member of every pair, but without кеа 
whether they came originally from parental sperm or from 
arental egg. | 

Р This shufiling results from the fact that each pair of 
chromosomes takes up its position on the spindle independ- 
ently of all the others. When disjunction occurs, A disjoins 
from a, its homologue, B from b, and so on. But A can ur 
toward either pole, provided a goes to the opposite one; an 
B and C can also go toward either pole. Then А can go 
either to the same pole as B or to the Opposite; so too it can 
go either with C, or opposite to it. In other words, the mem- 
bers of different pairs recombine at random, and all possible 
combinations will occur with equal frequency. There are 
eight of these, of which only two (ABC and abc) are the same 
as the parental combinations. The others are recombinations 
of the,chromosomes, and hence of the genes in them. If we 
consider in addition a fourth pair of chromosomes, its two 
orientations on the spindle will m. 


each of the previous eight, that is, 
again, 


ake two combinations with 
sixteen in all. But of these; 
only two will be the original parental combinations— 
the rest will be recombinations. 

These results ma 
Each pair can be or 
ber of combinations 


y be summed up in a simple formula. 

iented two ways; then 9” gives the num- 
Р е 

» where n is the number of chromoson 


pairs. 
2 pairs 2? — 4 combinations 
3 pairs 28 = 8 combinations 
4 pairs 2* = 16 combinations 
n pairs 28 x 


number of combinations from n pairs 

For ourselves, with forty-eight chromosomes per cell (twenty- 
four pairs), the number of combinations is therefore 2%. Of 
all these (16,777,216), only two resemble the original parental 
combinations exactly. The chance of a human gamete Te 
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peating either of these is therefore only one in 8,388,608. 


The odds indeed favor a new deal! 

We may carry this analysis a step further. Common con- 
ceptions of heredity trace one half of each person’s character- 
istics to each parent. While this is not true, as we shall see 
later, it is a fact that each of us receives one half of our 


chromosomes from each parent. Can it be true, as com- 


mon ideas also conceive, that one fourth of.one's heritage 


comes from each grandparent, one eighth from each great- 
grandparent, and so on back? Not in the least. There is 
one chance in 8,388,608 that not a single chromosome of 


ours was derived from a particular grandparent, and there 


is almost one chance in зоо that his contribution consists 


of no more than five chromosomes of the twenty-four in the 
set we receive from the parent on his side. For great-grand- 
parents the likelihood of proportionate contribution to any 
single descendant's heritage is even less; and of one's sixteen 
great-great-grandparents, there is better than an even chance 
that some one of them will not be represented in our heritage 
by a single chromosome. This takes us back only four gen- 
With two more, we shall reach a generation in 


erations. 
an chromosomes, so that we 


which we had more ancestors th 
cannot possibly have inherited whole chromosomes from all 


of them. Now, as we shall find out later, there are more 
hereditary units than there are chromosomes, for chromo- 
somes do not always behave as indivisible units in transmis- 
sion (рр. 107-118). However, these hereditary units, the 
genes, are limited in number to probably not more than 
10,000 Or 20,000, SO that a mere five hundred years ago we 
must have had many an ancestor from whom we have failed 
to inherit so much as a single gene. This news, however, 

1 It should be pointed out that, wherever inbreeding has been extensive 
the number of ancestors is consequently less than 2" at any nth generation. 


This would somewhat increase the chance of inheriting from each ancesto; 
though not to any considerable extent in human stocks where extensive but 


breeding is the rule. 
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should be kept private, lest it greatly dishearten all those in- 
terested in genealogies and pedigrees. 

The number of possible combinations in the offspring of 
any pair is the product of the number of possible combina- 
tions in their sperms and eggs, that is, (27?. For us, this 
amounts to the staggering total of 281,474,976,710,656. It is 
easy to see why no two individuals produced from separate 
fertilizations ever chance to be identical, 

It is also interesting to reflect on the amazing odds against 
our ever being just the combination we turned out to be, 
with 281,474,976,710,655 chances to 1 against it. We are 
amazed when an acquaintance happens to win the grand prize 
in any such huge lottery as the Irish sweepstakes, but that 
chance is enormous compared with the inconceivable chance 
that we should be just what we are. 

Meiosis, then, has significance for heredity, not so much be- 
cause the chromosomes are reduced in number, as because in 
the process they are thoroughly reshuffled, and an almost 
limitless variety of new combinations of the hereditary factors 
results. In drawing these conclusions, to be sure, we have been 
making one important assumption—that every chromosome 
differs not only from all the chromosomes of every other 
pair, but also from its own homologue, 
We should never obtain different hands (that is, recombina- 
tions) if our cards were all alike, no matter how much we 
shuffled them. As we estimate our hands according to the 
differences of the cards, so our knowledge of the hereditary 
pattern rests upon differences between genes, upon whatever 
differences there may be between the two members making 
up each pair. It is true that, for most pairs, the members are 
alike. Only occasionally do they differ. Yet all we can learn 


of the pattern directly, we must learn from those occasional 
differences between alleles. 


Now of the several 


in at least one respect. 


Possible states in which each gene can 
1 The two partners of any pair of genes are alleles (allelomorphs) of each 


other; in a broader sense, any genes which can become partners when 
brought together by syngamy are alleles, 
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exist, not all-are equally advantageous; some will be rela- 
tively deleterious. Since the genes are paired, any control over 
the processes of development exerted by a given gene is, to 
some extent, modified by its partner. If, then, one of the two is 
deleterious, the harmful effect is generally partly, and often 
even wholly, counteracted by its allele. The diploid consti- 
dulion therefore provides insurance against any deleterious 
effects exerted by genes. On the other hand, a haploid cell 
carries only one gene of each sort, and there can be no 
counteraction of harmful effects if deleterious genes are 
present. Here the sinning gene has no good angel to atone 
for its evil action! 

This life and accident insura 


over and above its contri 
vered one question only to raise an- 


he problem of the origin of 


nce is the great contribution 
of syngamy, bution to individual 
variety. Yet we have ansv 
other. We have now to look into t 


varieties of alleles. 


TARY VARIATION ARISES PRIMARILY FROM 


HEREDI 
PERMANENT CHANGES IN GENES 


Cell division begins with a duplication of each gene. As 
long as genes are derived from pre-existing genes, all repre- 
sentatives of any particular gene will therefore be alike. Nor 


is it possible to assume, as some early geneticists did, that all 


hereditary variation is simply the kaleidoscopic recombina- 
tion of original differences present in the progenitors of each 


species. This is not possible, because some genes are known 
to exist in a considerable number of different states, and we 
must accordingly either give up the postulate of a single 
origin or admit that genes, although regularly the most ве 
of living units, may occasionally alter. 

Variation, as we observe it, would be impossible were the 
genes immutable. While retaining their ability to duplicate 
themselves during mitosis, they must be able to mutate. Ca 
this be observed—perhaps even produced artificially? od 


№ 
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Most of the unusual variations we see for-the first time 
are not really new at all, but are reappearances of old traits 
which come to light through the recombinations of genes 
resulting from mating. The first true mutation to be re- 
corded in an animal appeared in a male lamb in the flock of 
Seth Wright, Massachusetts farmer, in 1791. This lamb had 
very short bowed legs, and from it was bred the Ancon sheeps 
a breed so short-legged they were unable to jump the low 


Fic. 12, 


An Ancon short-leg: 


gged sheep beside a normal sister. (Courtesy of 


Department of Genetics, Agricultural Experiment Station, Storrs, Connecticut) 


stone walls around sheep pastures. The same mutation later 
appeared a second time, in Norway, after the early breed 
had become extinct (Fig. 12). Other examples of spontaneous 
mutation have been the appearance, in the Florida velvet 
bean, of a new variety able to flower and fruit anywhere in 
the south of the United States, instead of being limited to 
Florida and the Gulf region; and the appearance, in tobacco: 
of a new variety able to flower only when day and night are 


proportioned as in the subtropics, instead of as in Kentucky 
or Virginia, home of the parent variety, 
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What are undoubtedly mutations have occurred in human 
populations, too, although we cannot be so precise as to the 
exact date. For example, there is a peculiar kind of woolly 
hair, oval in cross section instead of round like ordinary 
hair, and with thin places where it breaks easily. This makes 
it not only woolly but also “self-bobbing.” (It is, however, 
not identical with the kinky hair of Negroes.) In 1786 there 
was born, of Norwegian farmer stock, a girl who had this 
woolly hair, and she has now had four generations of de- 
scendants, of whom many have had the same kind of hair. 
Whether the mutation first appeared in her, or in some ear- 
lier, unrecorded ancestor, we cannot say. The same trait, or 
one very like it, has been traced back for five generations in 
the little village of Rijnsburg, near Leiden, Holland; it has 
also turned up in our southern states. Perhaps these cases 
are of common origin, and the original mutation occurred 
many centuries ago. More likely, the mutation has occurred 
two or three times and maybe, in one of the cases, as recent 
as the eighteenth century. , 

The scientific study of gene “mutations began in 1910 in 
the laboratory of Thomas Hunt Morgan at Columbia Uni- 
versity. One day, among the hundreds of ordinary red-eyed 
fruit flies in a culture bottle, a single male fly with white 
eyes was discovered. From this mutant fly a race of white- 
eyed flies was bred, and by crosses with the normal red-eyed 
flies the hereditary behavior of the new gene was deter- 
mined. The great search was on! During the next seventeen 
years more than 15,000,000 flies, mainly from purebred stocks 
known to be free from mutations, were scrutinized for new 
forms. In this way about 500 mutations were found. There 
were flies with altered eye color—pink, brown, sepia, purple, 
orange, and many other shades; there were flies with the 
regular rows of eye facets disarranged, with the size of the 
eye diminished; there were even flies with no eyes at all. 
There were types with wings bent or curved, held out- 
stretched from the body, blistered, scalloped, nicked, short- 


Р 
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ened, or entirely gone—poor creatures able only to hop ar 
crawl about. Others were Negroid races, or “Nordics,” of a 
light yellow body color instead of the ordinary gray. Still 
others had bristles appearing snipped off, or close-shaven. 
And in one mutation the antennae on the head were actu- 
ally replaced by what looked like legs! Many of these changes, 
of course, wère so drastic that the mutant individuals were 
feeble, dying young, unable long to survive, the competition 
of normal flies bred in the same bottle. 

All this might lead us to think that Drosophila is especially 
subject to mutations of its genes. But when we recall that 
almost a score of millions of flies were examined to find these 
500 mutants, the fruit fly does not seem so very mutable after 


all. On the contrary, most genes are extremely stable. Al- 
though their individual mutation rates vary considerably, 
with few exceptions all the rates 


are extremely low. 
Not all mutations, of course, produce changes in the organ- 


ism visible to an observer looking only upon the exterior.” 
Many morphological changes will be entirely internal, and 
these will very likely be of even greater importance to the 
animal or plant than superficial, readily observed changes- 
Moreover, structure is but a means to function and is itself a 
product of function—the creation of physiological processes. 
Mutations that alter structure must do so by altering these 
processes. Other changes in physiology may be unaccom- 
panied by changes in visible structure. To estimate their 
frequency we can look for alterations in "viability" and 
"fertility." If we compare the proportion of flies of one type 
which successfully €merge as adults with the proportion of 
some standard type hatching in the same culture? and if 

12 One reason the fruit fly has been so favorable an object for genetic study ү 
that since, like all arthropods, it has an external skeleton, the proportion 0 


mutations with externally visible effects is higher than in forms like vertebrates, 
which have a relatively undifferentiated exterior. 


13 This point is essential. If environmental factors were not identical for one 
two types, differences might be attributed to them rather than to geneti 


t к: 3 " are 
make-up. In scientific experiments all factors except the one whose effects ar 
being tested must be kept constant. 
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any differencesbetween the types is inherited, we can speak 
of a genetic difference in “viability.” If we compare the 
frequency of hatching eggs from matings of two types of males 
with the same females, or from two types of females mated 
with the same males, we can similarly measure any genetic 
difference in "fertility." If we have started with types of 
known viability or fertility, and then we detect an inherited 
difference in these respects in the course of further breeding, 
we can attribute it to a mutation. 

In the completest analysis of this sort yet made, it was 
found that mutations which lower the viability somewhat 


(up to 15 per cent), but do not produce any externally visible 
effect, form the most abundant group, making up almost two 
it twice as frequent as those 


thirds of the total. They are abou 
mutations which reduce the viability so much (70 per cent or 


more) that they usually cause death. These are called lethals 
or semilethals. They sometimes involve visible deformities, 
but often, in the occasional individuals which do survive, 
have no obvious external effect. The mutations which 
markedly alter the appearance practically always have a some- 
what reduced viability, too. They are extremely infrequent, 
however; as compared with the other two groups, being at 
most 1/25 as common as the lethals. As for beneficial mu- 
tants, they are the rarest of all, scarcely amounting to so much 
as one third of 1 per cent of all mutations; only one turned 
up among 356 mutations in this experiment. Most mutations 
in the fruit fly, we can conclude, produce no visible external 
change and are deleterious. 

Turning to mammalian heredity, we can find plenty of 
mutants of definitely deleterious effect, many that are lethal. 
The generalization just made is by no means limited to fruit 
flies! Many such mutants, for instance, have been described 
in cattle, chiefly those which kill the calves late in prenatal 
development or shortly after birth; for these are most readily 
detected. The “parrot-beaked” calf has an abnormal lower 


jaw with impacted molar teeth, a condition resulting in death 


° 
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a few hours after birth. "Amputated" calves have neither 
limbs nor lower jaw; they are born dead. "Elk-calves," on the 
other hand, have normal legs and jaws, but an extremely 
shortened spine and trunk; these, too, are stillborn. "Bull- 
dog" calves (Fig. 13) have extremely short legs, a dumpy build 
and scooped-out faces like those of human achondroplastic 
dwarfs; they are known in two forms: one always stillborn, 


UE 
Fic. 13. A "bulldog" calf from the N 


mation of its spinal column 
Mohr's Heredity and Diseas 
+ 


orwegian Telemark breed. ‘The malfor- 
and legs is due to a recessive lethal gene. (From 
e. Courtesy of W. W, Norton & Co.) 


the other (less extreme) managing to live a few days. These 
by no means exhaust the list. 

In man there are many similar examples, ranging all the 
way from conditions lethal before birth to those only mildly 
disadvantageous, Extreme lethals include certain malforma- 
tions of skin, limbs and jaw, and brain-case (Fig. 14). Lethal 
during relatively advanced development are such hereditary 
degenerative diseases as Wilson's disease and Huntington's 
chorea, a form of “St. Vitus's dance." Detrimental, but not 
necessarily lethal, are congenital absence of hands and feet 
(Fig. 15), hemophilia, harelip and cleft palate, and numerous 
other genetic conditions. Finally, some mutants, such as 


polydactyly or the woolly hair mentioned earlier, are not 


obviousiy detrimental. Other genes may even be advanta- 


M There is a discussion of representative hereditary diseases and lethal 
conditions in man in O, L. Mohr, Heredity and Disease, Chap. IV, Sec. ! 3 
(W. W. Norton, 


New York, 1934). The medical terminology lends a false ар" 


HEREDITARY PATTERNS Y7 


geous. In the: tropics those that 
produce quantities of melanin 
(black pigment) in the skin would 
probably be so. But, of course, we 
have no measure of the frequency 
of these different sorts of mutation 
in man. We must turn to Drosoph- 
ila for that. 

Even in Drosophila we would 
know little of mutation rate, espe- 
cially of the different categories of 
effects, were it not for the dis- 
covery by H. J. Muller in 1927, at 
the University of Texas, that muta- 
tions can be induced at a high rate 
by subjecting the genes to x-ray |" 4 
bombardment. Treatment, within Mus : 
such limits of severity as flies Can. fre. 14. "Amputated" abor- 

tion. The parents weye first 


stand, will raise the mutation rate 

from the low spontaneous level cousins. (From Mohrs He- 
a ibed redity and Disease. Courtesy 

previously described to two OF of W. W. Norton & Со) 


three mutations per individual! 
This is an increase of about one hundred fold! At the same 


time, the genes go on mutating in the same respective propor- 
tions, without any differential effect of the treatment. Hence, 
it is practicable to make comparisons of the different sorts of 
mutation (advantageous, slightly detrimental, semilethal, and 
lethal), and the experiments on viability just described made 


use of this technique. 

The use of radiation to increase the mutation rate has 
yielded nearly all our information about mutation, and from 
the study of mutation we have learned much of what we 


know about the nature of the gene. We will not go into the 


pearance of difficulty to the discussion. See also Heredity in Man b 
Gates (Macmillan, New York, 1931) and the graphic pua pic d E 
You and Heredity, by A. Scheinfeld (Stokes, New York, 1939). E 
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i : r ге con- 

nature and cause of the mutation process here, for we are v 
i i it bears ne 

cerned mainly with the nature of the gene as it bears upon r 
“47 P y 
processes of development. We will therefore summarize briefly 


Fic. 


15. А dominant mutation resulting in the congenital 
and feet. 


ands 
absence of me 
ma E ike his 
Ihe mother of the family is normal, but her husband, like 


three children and brother in the picture, lacked hands and feet. (Courtesy 
of O. L. Mohr) 


what has been learned about the 
mutation. 


We have already seen 


gene through the study of 


(1) that most genes are extremely 
stable; (2) that mutants are frequently devoid of visible effect: 
(3) that most mutations are, to a greater or less degree, dele- 
terious. To these we may add: 

(4) Mutations may occur at any time in the life gu 
Mutations are not limited to reproductive cells, but may 
occur in somatic tissue, making mutant areas of a size corre 
sponding to the number of descendant cells produced. Evi- 
dence that the physiological state of the cell affects the muta- 


o 
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tion rate is still inadequate; but it is possible that this may 
ortance. 


turn out to be of very great imp 
ist of either its loss, its 


(5) A mutation of a gene may consi 
change, or a loss or change of its neighbors. The first is 
known from the fact that many lethal genes in the fruit fly 
can be shown, by cytological observation of the giant salivary 
gland chromosomes, to involve actual deficiencies of small 
parts of the chromosome. The second can be shown indi- 
rectly by cytological study, too, through an absence of any 
detectable loss or rearrangement within a giant chromosome 

ore convincingly by the 


ation, but is shown m 
ants to mutate back to their orig- 


уп by the fact that certain genes, 
e neither loss nor change them- 
е removed from опе neighbor- 


hood and brought into juxtaposition with new neighbor 
‘or we detect genes 


genes. All this is extremely important, f < 
а these differences 


by their differences from their alleles, an 
have arisen by mutation. Since mutation includes several 
phenomena, it is illogical to assert that we consistently mean 


any one thing at present by the term gene.” 

(6) A given gene may become altered in more than one 
way. This goes further than the preceding conclusion, as it 
refers to the multiple variety of those reversible changes 
which are neither losses nor “position effects." Here we mean 
that a particular gene may have more than one sort of allele, 
and that the effects of these alleles may vary quantitatively or 
qualitatively. The number of possible changes varies with 
each gene, so that series of such "multiple alleles" run to 
different lengths. The number of alternative combinations 
involving one or another allele of such a multiple series adds 
enormously to the possible variety of the hereditary pattern 
and will be discussed in the next section. , 


79 


carrying a mut 
ability of many visible mut 
inal states. The third is shov 
even though they experienc 
selves, mutate when they ar 


15 This is often misunderstood. In theory we often define a gene as i 
in the chromosome. In practice we always identify a gene by iis iE 
„hence, confusion. s effects, 


‹ 
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Hereditary variation is primarily due to these alterations 
of the genes. Their appearance in various combinations—1n 
other words, the emergence of various sorts of individuals— 
is, however, due to the mechanism of syngamy and meiosis. 
We have now to see how the pattern is made up. 


POTENTIAL VARIATION IN THE INDIVIDUAL HEREDITARY PATTERN 
IS A DIRECT CONSEQUENCE OF THE NATURE OF 
MEIOSIS AND SYNGAMY 


We have found that the significance of meiosis for heredity 
lies in the recombination of the hereditary factors, the genes, 
which it brings about. Syngamy makes the variety of possible 
combinations vastly greater. From the chance shufflings of 
the chromosomes in reduction and the random mating of 
gametes, each of us emerged as one of 281,474,976,7 10,656 
possible types our parents could have produced, a number 
that is more than 100,000 times the present population of 
the earth. á 

It is mentally impossible to follow such permutations as 
these. No wonder many a biologist of the nineteenth cen- 
tury felt that the nature of heredity was doomed to remain 
an insoluble perplexity! But after all, we do not need tO 
know the course of each thread to understand how a grea i 
tapestry is woven. The pattern of Heredity can be readily 
comprehended by tracing no more.than two or three of the 
"threads" which make it up. It was Mendel who showed u$ 
this truth. "The work of Mendel, at first completely ignored, 
has become in our present century the foundation of the 


tremendously increased knowledge of heredity that man now 
possesses.1® 


16 Gregor Johann Mendel, born in Silesia in 1822, was the son of a peasant 
farmer waose study of fruit-tree grafting engendered the first interest 1р, 
genetics in his young son. Mendel's education involved great sacrifice by a 
family, a younger sister even giving up part of her dowry that he migh 
finish the Gymnasium (high school). On graduating, he entered the Augu? 
tinian monastery at Brünn, probably as a result of the influence О 
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Mendel was clear-sighted enough to see that it was hopeless 
to try to work out all the intricacies of heredity at once. He 
determined to test the inheritance of no more than a single 
pair of contrasting characters at a time. Working with 
garden peas, he selected such alternative traits as tallness versus 


dwarfness, red flower color versus white flower color, green 
smooth versus wrinkled seeds, and so 


Instead of restating his results, which 
can better be gotten direct from his own paper, we shall 
take a human trait as our example, it having been well 
established by now that practically all hereditary traits are 


handed down in the same fashion. 
Probably all of us have heard of albinos, people with a 


complete lack of pigment in the skin and outer layer of the 
body, including the eyes. They area dead-white, hair and 
skin, and have eyes that appear pink, since, with no pigment 


versus yellow seeds, 
on, for different tests. 


a monk of that order. He attended the University of 

the expense of the monastery, and then returned 
Vhile making, ® reputation as а good teacher, he 
ding experiments. After eight years the 
and in 1866 he communicated them 


little remark. Three years later 


the paper on hawkweed (Hieracium) hybrids suffered the same fate. Copies 
which were sent to Niigeli, the leading geneticist of the time, were treated 
no better. Despondency ensued, and Mendel published no more. The results 
of his vast experimentation with bees scem forever lost to us, as even the 


notes have disappeared. Elected prelate of the monastery in 1868, he became 
er religious taxation, advocated 


embroiled with the Austrian government ov à 
“passive resistance,” and resisted to the last. “From being a cheerful, friendly 
man," says William Bateson, “һе became suspicious and misanthropic.” The 
last ten years of his life were passed in disappointment and bitterness. Often 
he said, "Meine Zeit wird schon kommen” (My time is coming). Sixteen 
years after his death in 1884, his day did come, when three great breeders, 
Correns, deVries, and von Tschermak, simultaneously confirmed his results, 
and published to the world his enduring fame. 

"There is а good full-length Life of Mendel, by Hugo Iltis (W. W. Norton 
New York, 1932). There is also an excellent biographical sketch of Mendel b: 3 
William Bateson, the English geneticist, in Mendel's Principles of Heredity, 
together with portraits made in 1862 and 1880, and full translations of the e 
pers on peas and hawkweeds. (Cambridge University Press, 1909) The Le. 
on peas should be read by all persons interested in genetics. It isa mast йн 
of scientific writing describing a masterpiece of scientific керештек од 


teacher who was 
Vienna for two years, at 
to Briinn to teach physics. V 
carried on his famous plant-bree! 
vith peas were completed, 


experiments W 
to the Society at Briinn, where they aroused 
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in the iris, the red of the blood in the numerous fine blood 
vessels of the eye shows up. 

Albinism is found in practically all vertebrates. We have 
all seen white rabbits, rats, and mice that have pink eyes: 
but albino deer, squirrels, weasels, porcupines, alligators, 
rattlesnakes, frogs, fish, and numerous birds, such as peacock, 
turkey, crow, robin, and sparrow, also occur. Literature, too, 
presents the classic example of “Moby Dick,” the albino 
whale. In all these forms it seems probable that the trait 
is due to the same gene. In other words, this is one of the 
genes we share with lower forms of life, a reminder that 
not all genes possessed by man are “human” genes. h 

Let us, then, breed a pair of mice, one of them of the ordi- 
nary wild gray type, the other a “white” (albino). When their 
first litter is born, we discover that all the offspring are like 
the gray parent—and no matter how many such crosses we 
make and how many litters we raise, this is the only kind 
we shall ever obtain, barring mutation. All the first genera- 
tion (Е,) are uniformly gray. 

Now if we mate these gray (nonalbino) mice of the F, to 
gether, what will we get? Some of the litters will conta! 
white mice! And if we raise several dozen such litters, and 
notice how many of each kind there are in all, we shall find 
that there are about three times as many gray (nonalbino) 
mice as albino ones. And the more such litters we raise, th¢ 
more exactly will we find that this ratio of 3 : 1 is obtained. 
How can we explain it? 

To begin with, it is evident that the albino trait has reap” 
peared after “skipping a generation,” so that whatever facto! 
15 responsible for it must have been carried by the gray mic 
of the first generation of offspring, along with the factor T€ 
sponsible for their grayness. One of these factors must dom 
nate the other, so that, although both are present, only one: 
the dominant, is expressed, while the other is recessive- 

"These factors we now call genes. Since, as we recall, sp 1 
and egg each contribute a set of these genes to the individu? 


erm 


Й 
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through syngamy, and consequently every gene in one set has 
a partner, or allele, in the other set, we may represent those 
concerned here by a pair of symbols, A for the dominant 
(nonalbinism), а for the recessive (albinism). If we started 
with gray and albino mice of pure stock, their genotype 
(genetic constitution) was A/A and а/а. What happens to 
these pairs of genes at meiosis? The homologous chromo- 
somes, and hence the genes within them, first pair and then 
disjoin. In the gametes of one parent, then, A will have dis- 
joined from A, and every gamete will carry A. In the other 
parent a will disjoin from 4, and every gamete will carry а. 
We may diagram this as follows: 


A/A parental genotypes 


a/a 
ji A Meiosis / A 
A A a gametes 


a 


vum here, and only one sort of 
H + 9 

vum carrying A is necessarily 

and the resultant zygote is 


There is only one sort of © 
sperm. Hence, at syngamy, an о 
fertilized by a sperm carrying а; 
A/a, Finishing our diagram: 


a gametes 


A 
| m e 
A/a genotype of zygote 


t will be well to. become acquainted with the essentials 
mbolism, which we shall need to use repeatedly Letters 
t individual genes, with the dominant allele са pitalized 
1] letter; or the mutant allele is given a Mem 


17 At this time i 
of the geneticists’ sy 
are used to represen 


and the recessive a sma 
and the “normal,” i.e. wild type, allele has the same symbol with a gp 


superscript. Thus A and a are dominant and iv А 
be used for A, since here the dominant is ihe ПОТ DIEM x a meh 
mutant, such as Bar (p. 110), has the symbol B, and its recessiv uum 
allele is B+. Since alleles are carried in homologous chrom nd Mp 
type is written with one bar (or two) between the A tede Sta, 

„ © д. а, 
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The genotype of the zygote is not like that of either parent, 
for the two genes of the pair we are following are now un- 
like. The zygote is hybrid, not pure; or, to use the conven- 
ient terms of the geneticist, the parents were homozygous, 
but the offspring is heterozygous. We should note another 
fact about the offspring of this mating. Since the only com- 
bination of gametes is 4 with a, all the offspring, no matter 
how many, will have the genotype A/a. They will all be 
heterozygous! And they will all be alike! Or to generalize. 
we can say that when parents differ with respect to some trait 
for which each is pure (homozygous), their offspring are all 
heterozygous and uniform. In the present case, since A 
dominates over a, the heterozygous А /a offspring will be uni- 
formly nonalbino, and experience shows that this is really so- 
But even where there is no dominance, as we shall see, the 
rule holds true. . 

Now see what happens when two such heterozygous indi- 
viduals mate! First—meiosis; then—syngamy: 


A/a ` A/a parental genotypes 


I-A 


a gametes 


is ti at 
This time, when we come to syngamy, we can see th 


М к in ost 
there are a number of possible combinations. We can a 
P ЗР Е ШЕТ, 
keep these straight by using the so-called pui 
method, listing the gametes of each parent along one Sic e 


vin i А + ets! 
and filling the Squares with the appropriate combination 


sperms 


ova Syngamy 
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Result: Three different genotypes, in the ratio 1 A/A:2A/a 
: 1 а/а. The offspring of heterozygous parents comprise two 
heterozygotes to one of each homozygous type. Since A is 
dominant, the heterozygotes here will be nonalbino, resem- 
ote A/A, so that there will be three non- 


bling the homozyg ; 1 
1 ratio is the phenotypic 


albinos for each albino. This 3: 


Normal parents with three albino children and 


Fic. 16. Albinism in man. 
Courtesy of O. L. Mohr) 


four normal. ( 
ratio. It states the relative frequencies of the offspring when 
classed by their traits as expressed. However, when we come 
to predict the results of various sorts of mating, it is always 
the genotypic ratio that must be made the basis of our analysis. 

The family shown in Fig. 16 illustrates what we have been 
saying. "As seen from the picture both parents are perfectly 
normal. That they nevertheless carry the recessive gene is 
evidenced by their offspring. This fundamental relation, 
that a strictly hereditary anomaly may be transmitted through 
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perfectly normal individuals, has been the cause of much 
misunderstanding. And still many people stick to the en- 
tirely wrong conception that only those anomalies are hered- 
itary which manifest themselves both in parents and in off- 
spring. Nothing could be more erroneous.’ : 

Have the A and a genes been altered in any way by Шет 
association throughout the parental generation? Not at all! 
The A/A and а/а offspring are like their grandparents. The 
a/a offspring are just as pure albino as the original strain be- 
fore hybridization and, as our next example shows, breed as 
true. If we mate A/A with 4/4 and a/a with а/а, each cross 
yields only one possible type: 


(1) (2) 
A/A X АЈА aja X aja 
| \ | | Meiosis | \ / \ 
А А А А а а а а 

\ | Syngamy 

А/А а/а 


Result: Matings between similar homozygotes yield only 
homozygotes of the parental type. 

If we look back at the cross between two heterozygotes» we 
are reminded that one fourth of the offspring are homo- 
zygous A/A and one fourth are aja. The crosses just. dia” 
gramed thus indicate what results we can expect if an indi 
vidual of either of these homozygous groups is mated with Pa 
like. One half of the offspring of the A/a by A/a cross V! 
give rise, upon mating with their like, to pure lines, A/A n 
а/а. The other one half, heterozygous like their parents, W? к 
when bred within their own group, naturally repeat the sam i 
ratio in their offspring, 3 nonalbino : 1 albino—or by geno 


k, 
18 Mohr, O. L. Heredity and Disease, pp. 64-65. W. W. Norton, New Yor 
1934- 
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types, 1 homozygous nonalbino : 2 heterozygous nonalbino : 1 


(homozygous) albino. The results thus far are summed up in 
Fig. 17. These parallel the fundamental facts found by Men- 
del in his crosses with peas, using seven different pairs of con- 
trasted characters. His results led to the conclusion that in- 
herited characters are due to units which are paired in the 
organism but segregate in the formation of the gametes, 
the latter therefore being pure. The factors have not been 
affected by their association. This is the first, and most im- 
portant, Mendelian law of inheritance. 

We can make one other type of cross involving these genes. 
The heterozygous type can be mated with either homozygous 


form: 
(1) (2) 

A/A X A/a a/a X A/a 

| \ | | Meiosis | | | 

А A A a а а A а gametes 
А а Syngamy A a 


A © рат 


The cross 4/4 by A/a gives us the ratio 1 A/A : 1 A/a, that 
is, one homozygous dominant to one heterozygote; pheno- 
typically all will be nonalbino. The cross а/а by A/a, on the 
other hand, gives us 1 A/a: 1 a/a, that is, one homozygous 
recessive to one heterozygote; ог, half nonalbino and half 
albino. 4 

When can a purely recessive trait, such as albinism, show 
up? Obviously, from our diagrams, only when both parents 
carry the gene for it. Then, should the parents both be 
heterozygous, it will show up in one fourth of the children. 
This explains why “consanguineous marriages favor the ap- 
pearance of recessive traits.” ?* Closely related people, since 


21 Mohr, op. cit., p. 26. 
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У 
R 
R 
R 


3 


Ced 


5 MÉ AÈ EES 1100155 


Fic. 17. Cross of a purebred colored rabbit with an albino rabbit. Fi, prs 
generation, all offspring colored. F,, second generation, colored and ee 
rabbits in the ratio 3: 1. F, third generation, pure colored, segregating, ane 
pure albino families in the ratio 1:2:1. (Redrawn from Mohr's Heredity 
and Disease. Courtesy of W. W. Norton & Co.) 


they have received from their common ancestry at least some 
of the same genes, are much more likely to possess common 
recessives than unrelated people. This appears clearly in the 
pedigree for albinism shown in Fig. 18 (р. 91). The uncle- 
niece marriage (4), which resulted in four albinos among 81Х 
children, shows that the uncle must also have carried the J 
bino gene. The first-cousin marriage (B) also showed, by the 
production of an albino child, that the parents carried this 
gene in common. А 
With these principles in mind, let us next compare with 
the crosses involving albinism some similar crosses in which 
neither of the two alleles is dominant, but in which the pheno- 
type results from their approximately equal effectiveness: 
And to remind ourselves that the phenomena of meiosis an i 
syngamy are essentially similar in all organisms, let us selec 
an example from a plant—a seed plant. ed 
There are both red- and white-flowered four-o'clocks (АЇ!7@ 
bilis jalapa). The cross red by red gives only тей-йозгете 
offspring; white by white gives only white-flowered plants: 
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These two types are homozygous. When a red flower is 
crossed with a white one, all the first generation (F,) are pink; 
and if we cross together two pink flowers, we get 1 red : 2 
pink : 1 white, in the second generation (Е,). Evidently the 
genes determining this difference in color are alleles (R and 7). 
When we diagram these crosses, however, they turn out to be 
just like the albino case. 


R/R г/т, 
РА \ Meiosis : РА \ 


parental genotypes 


R R gametes 

\ Demo / 
Syngamy ыс 
R/r wee R/r F, genotype 

X Meiosis ri b 

R r R r gametes 

, Syngamy 
R T 


" кл 
к зя 
1 RJR : 2 Rfr ia v/r 


The genotypic ratio is still two heterozygotes to one of 
each of the homozygotes, as before. The phenotypic ratio is, 
however, not 3 : 1, but 1 red : 2 pink : 1 white. Thus we 
learn that the genotypic ratio, which depends solely upon the 
nature of meiosis and syngamy, is constant for a given type of 
cross, while the phenotypic ratio depends upon the relative 
dominance of the alleles and varies with this from case to case. 
'The blending of red and white in the hybrid only serves to 
emphasize even more strikingly the fundamental independ- 
ence and aloofness of the alleles. For it is clear that "the genes 
themselves neither blend nor contaminate one another. When 
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reduction brings the time for parting, each goes its solitary 
way, bearing no trace of having been associated for months or 
years with the other within the microscopic chambers of the 
cells. Moreover, it evidently makes no difference whether 
we use a red-flowered plant for our original male parent and 
a white for our female, or vice versa. In both cases the hy- 
brids will be pink. All that matters is the kind of genes 1n 
the resulting mixture.” 20 

One more example from the four-o'clock, this time a cross 
between a heterozygote and a pure white: 


R/r r/r 
РА p Meiosis 74 N 
R т r 


т gametes 


parental genotypes 


Syngamy 


Genotypic ratio 1 R/r : 1r/r 


Phenotypic ratio 1 pink : 1 white 


This is the same result we obtained for the correspondin£ 
cross of heterozygous nonalbino with albino, and as before: 
the phenotypic ratio indicates precisely the proportions o 
the types of gametes formed by the heterozygous parent 
Such a cross, known as a backcross, is for this reason of great 
practical value, since it enables us to determine the freque™ 
cies of the various types of gametes an individual produces 
By backcrossing to the homozygous recessive type-in Hie 
absence of dominance either homozygote would do—we may 
discover the hidden genotype which is of such ultimate 
importance. 


. ni 
* Wells, Н. G., Huxley, J., and Wells, С. P. The Science of Life, ChaP 
Рр. 479-80. Doubleday, Doran, New York, 1931. 
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itance of albinism in man 
terozygous uncle 
first 


TORO 


Fic, 18. A pedigree illustrating t 
through four generations (I-IV). 
with an albinotic niece; а backcross. 
cousins. (After Tertsch) 

In the Andalusian fowl there is another sort of blending, 
one which results in a distinctly new type. Black and 
splashed-white are homozygous, and when crossed blend to 
produce the highly regarded “Blue Andalusians.” Since 
these are heterozygotes, like the pink four-o'clocks or the 
heterozygous nonalbinos, when interbred one fourth of their 
offspring are of one homozygous type (black), and another 
one fourth are of the other (splashed-white). Imagine the 
chagrin of the fancy breeder trying to get a line of Andalusian 
blues that would breed true! 

Another common sort of blending involves lethal genes. 
Dexter cattle are relatively short-legged but otherwise nor- 
mal. However, they do not breed true but, like the Anda- 
lusian blue fowls, show the marks of heterozygosity. Dexter 
bull crossed by Dexter cow gives one fourth normal, one half 
Dexter, and one fourth "bulldog" calves. The latter, as de- 
scribed in the last section (Fig. 13), are stillborn or die 
shortly after birth. The short-leggedness of Dexter cattle is 


he recessive inher! 
At A, a marriage of a he 
At B, a marriage of heterozygous 
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therefore a blend of the effects of the lethal gene and its nor- 
mal allele. 

Lethals that are completely recessive are very abundant. 
They can be detected by the change in the expected ratios. 
If L is the normal allele, and / the lethal, the cross L/L X L/L, 
instead of producing 3 dominant to 1 recessive, will appar- 
ently produce only dominant offspring, as the recessives die 
off during development. Dominant lethal mutations presum- 
ably occur, too, but as they kill every individual carrying 
them at once, they cannot be inherited. 

Earlier we noticed that a gene is not limited to two states 
(p. 79). While in man only two alleles of the albino gene are 
known, in mice there are four, in rabbits six, and in guinea 
pigs five. In Drosophila there is one series, affecting eye 
color, which numbers no less than thirteen alleles that can be 
distinguished from one another. However, inasmuch as 
every diploid cell carries its genes in pairs, not more than 
two members of any such series of multiple alleles can be 
present at one time. The crosses “albino by nonalbino" and 
"red- by white-flowered four-o'clock" therefore serve equally 
well as examples for crosses involving multiple alleles. The 
only additional factor to be taken into account is the domi- 
nance of the alleles. This can be discerned at once from the 
phenotype of the offspring of a cross between homozygotes: 

Take, for example, the albino series in rabbits. One allele 
produces, when homozygous, a form known as the Hima- 
layan albino, which has black extremities—feet, ears, tail, tip 
of nose (Fig. 19). Cross a homozygous Himalayan albino 
(с"/с") with a pure full-color (C/C), and the hybrids (C/c") 
are all full-color. The gene for Himalayan albinism is, there 
fore, recessive to that for full-color. But cross the same Hima- 
layan albino with a full albino (c*/c*), and all the offspring 
(c/c) are Himalayan albinos. The gene for Himalayan al- 
binism must be dominant to that for complete albinism. The 
same gene can be both dominant and recessive, depend- 
ing upon which allele it is compared with. Dominance 15 
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Still another allele of this series is shown in 


purely relative. 
the illustration. This is chinchilla (с^), which has no yellow 
ray, highly prized 


in the fur, and is consequently a silvery g 
by furriers. Chinchilla is dominant to both Himalayan and 
albino, but is recessive to full-color, so that the series, in 
as follows: С> >> с". 


order of dominance, runs 


- 


ade. 


eles in rabbits. Upper left, full- 
lower left, Himalayan; lower right, albino. 
Courtesy of D. C. Heath and 


‘The albino series of multiple all 
chinchilla; 
Principles of Heredity. 


Fic. 19. 

color; upper right, 

(From Snyder's The 
Company) 

The relation between any two alleles of such a multiple 

* also lack dominance (perfect blend- 


series could, of course, a 
ing), or dominance might be incomplete. An interesting 
combination of several such relationships is to be found in 


The best known multiple allelic series in human be- 
hree members which determine the blood 


d the nature of these we must digress 


man. 
ings consists of tl 
groups. To understan 


a little. 
Foreign proteins (antigens) injected into the circulation of 


an animal stimulate the cells of the animal to produce char- 
acteristic antibodies which will react with their antigens and 
neutralize their effects. When observed outside the body 

, 
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this reaction frequentl 
or agglutination, of the antigen. 


о 
the blood group 


marized in Table 1 These findings are sum- 
Very little analysis js ne 
Б eded to see that be- 
haves as a typical recessive, Ob at the O group 


D 
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` TABLE 1 
Blood groups Blood groups 
Blood groups which may occur which do not occur 
of parents in children in children 
охо о A, B, AB 
ОХА О,А В, АВ 
АХА О,А В, AB 
OxB oO, B A, AB 
BXB О, B A, AB 
AXB O, A, B, AB ——— 
OX AB A,B O, AB 
А ХАВ A, B, AB о 
B X АВ A, B, AB о 
АВ X AB A, B, AB [9] 


(From L. H. Snyder, The Principles of Heredity, p. 96, D. С. Heath, Boston, 


1935) 

crosses; while O-type children never occur when one of the 
parents is of group AB. On the other hand, A by B type par- 
ents may have children of group AB, so that here we find 
blending. All the results can be explained if we assume the 
blood groups are due to three alleles, 4^ and A? blending, a 
recessive to both. The first two produce the antigens in- 
cluded in their symbols as superscripts, while a is ineffective 
in producing either. In the accompanying diagram (Fig. 20) 
the possible genotypes within each of the four blood groups 
are given, and the gametes each genotype will produce. By 
the proper combinations of these gametes for any given mat- 
ing, the empirical results of Table I can be obtained. 

From the table we can also see that neither antigen A nor 
antigen B ever appears in a child's blood unless it was present 
in at least one of the parents. This, which is merely a particu- 
lar instance of the general behavior of dominants, has been 
used widely in legal medicine to determine parentage. 

A few years ago there was a famous “baby case,” in which 
one of two mothers who went home from the hospital at the 
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same time claimed she had received the wrong baby, a T 
the other mother disputed. Sometimes an ке : Vie 
blood groups can instantly clear up any such donti, ae 
instance, for example, two of the parents were each о ги у 
О, while the baby they had been given was of group i a 
festly not their own. In the other family, the father belong 


The Major Blood Groups 
5 RETURN TEE ED 
|Blood cells: A | B 
| (antigen) | 
ауе \Serum : anti-B | anti-4 
| (antibody) 


Fic. 20. The major blood groups. A 
the individuals belonging 
kinds of gametes the 
three alleles, AA 


diagram to illus 
10 each of the four ma 
y produce respectively, 
: АВ and a are differe; 


‚рев of 
trate the genotypes ке 
jor blood groups, and t 


Pol: hc 
The chromosomes carrying t 
ntly shaded, 


to group О, 
baby was of 
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ons of the four groups in the 


relationships, since the proporti 
e. It is interesting, too, that 


population vary from race to rac 
these same blood groups occur among the great apes. 
Whenever, in such studies, the analysis of the four stand- 
ard groups remains inconclusive, recourse may be had to 
another pair of antigens found to be present in human red 
blood cells, but unaccompanied by normal antibodies. These 
antigens are called M and N, and depend, respectively, on a 
of alleles, M and N. Аз neither of these is dom- 
the genotype M/N results in the produc- 
tion of both antigens. In the accompanying diagram are 
given the phenotypes (blood groups); their respective geno- 
types; and the types of gametes formed by each (Fig. 21). 


single pair 
inant over the other, 


The M-N System 
Phenotype ы 


Genotype 


ood groups, illustrating the genotypes of individuals of 


Fic. 21. The minor bl 
hey produce. 


cach group and the kinds of gametes t 


ot necessarily affect the same trait. In Drosoph- 
there is a gene which in one form pro- 
duces a disarrangement of the orderly rows of facets in the 
compound eye of the fly. An allele which produces no dis- 
cernible effect on the eye causes neat little scalloped inci- 
sions at the tips of the wings. The heterozygote is completely 
normal, without either facet disarrangement or notches on 
In another allelic series one member, known as 


Alleles do n 
ila, for example, 


the wings. 
vortex, causes peculiar volcano-like vortices on the thorax; a 


second, called oblique, lops off the wing-tips; while a third, 
dumpy, does both. The heterozygote between dumpy and 
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vortex has vortices on the thorax but normal wings. Simi- 
larly, the dumpy/oblique heterozygote has lopped wings, um 
a normal thorax. The vortex/oblique heterozygote is per- 
fectly normal, having neither characteristic! | 

These facts are enough to show us that alleles may interact 
in a number of possible ways. As a result, dominance and 
the phenotypic ratio vary from case to case. Were it not for 
the constancy of the genotypic ratio, 
of meiosis and syngamy, no order 
hereditary phenomena! 


based upon the nature 
could be discerned in 


The inheritance of two or more independent pairs 
of alleles 


Having now seen how 
inheritance, we are pre 
at once. Since inbree 
analysis of the secon 
society but is permis 
shall use guinea pigs. If we mate a guinea pig from a breed 
pure for rough coat a 


smooth (r) and white (сә). The 
Sametes of the first parent all carried R and C, and those of 
the second т and са, Moreover, if independent, these ju 
must lie in separate pairs of chromosomes, as in Fig. 22. 


пе genes. Two of these 

Wb. Rp ELS nd r;c*, while the ane 
7"; are new, These occur in both eggs ап 

samy 4 X 4 or 16 combinations result 


“Se classes, we get g rough, colored Mil: 


?? Symbols for nid a 
y ‘ated in different chromosomes are separated by 


genes loc; 
semicolon. 
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pc 
cm co белой e of. 
===) “ойый 


two purebred strains of guinea pigs differing in 
characteristics. R, rough coat, dominant; 
ant; c°, albino, recessive. 


Fic. 22. Results of crossing 
two pairs of independently assorting 
т, smooth coat, recessive. C, colored coat, domin: 


colored 6; and 1 smooth, white 


first discovered by Mendel in 
y seeds crossed with 
ly round yellow 


3 rough, white [7]; 3 smooth, c 


O. This phenotypic ratio Was 
ith round yellov 


ds produced on 


peas. For example, peas w 
those having wrinkled green see 


осу | с 
Г 


Ё 
р Genot, 
Sperms Р ела 2 
= pe: 
TG EC ш Offspring 
E 


Fic. 23. Recombination in the second generation, after a cross between two 
purebred strains differing in two pairs of independently assorting character- 
istics. See Fig. 22. Phenotypes, Ml rough, colored; p white; 

ooth, colored; O smooth, white. Arrows indicate similar genotypes. "- 


sm 
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'rinkled 
ds in F,, and in F, produced 315 round yellow, oi W з в 
ee si 108 round green, and 32 wrinkled green ваш: ке 
eem dose approximation to the expected 0:3: 3: 7 vato 
2: id enotypes are nine in number, in the — = Me 
bosses Senotypes are connected y "TT wv 
23): 1 R/R;C/C : 2 R/r;C/C : 2 е 3 a i t 
4 R/r;C/e : Yr/r;GJC 12 Кутс c : э v/v; ad | cae 
Hence there are four genotypes among the doub y petit 
individuals, two among each of the singly dominan ме м 
and only іп the case of the doubly recessive group qoe seh 
sure of homogeneity. Inasmuch аз each genotype 


i i : rely accord- 
differently in breeding, any attempt to breed me y 


P наг аар ИЙ. Ro 
ing to the phenotypical classification is almost certain to g 
© 
astray. 


find out the genotype? The 
€ type will reveal it, for з 
ingle pair of factors, the О 
ich correspond to the ini 
If, for instance, we cross : 
rough, colored hybrid guinea pig (Ет; Сус), which usus 
in Fig. 25, with a smooth, 


rt 
homozygous, forms only one so 
esult shown in F 


т and show how 


inheritance w 


would involve no new 


of the inde penden 


i : is 
Ё independent Palrs of genes on the bas 
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2-6 х r.c? Parental 
d r'c? Genotypes 


EO GAIAGOCE pud 


Genotypes 
of Offspring 


rs of characteristics with a 


a hybrid for two pai 
ecessive traits; the test-cross. Phenotypic ratio is 
1 smooth, colored : 1 smooth, white. 


Fic, 24. Results of crossing 
mate homozygous for both r 
1 rough, colored : 1 rough, white : 


for chromosomes (see р. 68). Gametes also 
ach individual is therefore the com- 
bination of two gametes whose individual genotypes each 
have a probability of yj». What is the chance for the union 
of any two particular combinations? This is given by a 
well-known law of probability which states that the chance 
of coincidence of two or more independent events is the prod- 
uct of the probabilities of each of the events. For example, the 
chance that any penny will fall heads is 1⁄4- The chance that 
two pennies flipped together will both fall heads is there- 
fore 14 X № = 14, the product of the probabilities that 
either alone will fall heads. Applying this principle to any 


of chance, just as 
unite by chance, and e 


number of pairs of genes: 
2 pairs 3 pairs 
э" x 2" э" x э" 
22X 22 = 16 93 X 23 = 64 


These expressions may be factored: 
(2 X2) (2 X2)= 16 and (2X 2)(2X 2) (2 X 2) = 64. 


When one allele is dominant and the other is recessive, the 
phenotypic ratio for the F, we found, is 3 dominant to 1 
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recessive (3:1). We may substitute this ratio for its equiva- 
lent expression (2 x 2) in the equations, since both repre- 
sent the product of the gametic combinations: 


(8:1)(8:1)—16 аһа (8:1)(9:1) (9: 1) 2 64. 


Multiplying out, we then get the phenotypic ratios: 


9:3:3:1=16 and 27:9:9:9:8:8:8: 1 == 64. 


ing all dominant traits, next 
ne less dominant, and so to 
ave no dominant genes.?? The 
ll readily yield the phenotypic 


ependent pairs of alleles, each 
5: 1 ratio alone, 


^ If two Particular alleles blend instead of exhibiting clear 
o Я 


ОЁ 5 s tio gives 
genotypes Pur uch a phenotypic ratio g 


2 Thus th ectively, 9 
Osses illustrated here. к, ‚ 
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3. Syngamy, of a particular sperm and egg is a product of 
chance and, hence, brings about a random recombina- 


tion of alleles from the two parents. 
4. While present, in the same cell, alleles interact to affect 


traits in a variety of ways (complete dominance of one, 
incomplete dominance, equal blending; alleles do not 
even always affect the same trait). 
5. The genes themselves are unaltered by their interaction. 
6. Gene pairs which are inherited independently show ran- 
dom assortment at meiosis. 

Though not expressed in his terms, these are the principles 
Mendel discovered. Only the further observation of the 
parallel behavior of genes and chromosomes came later, open- 
ing new avenues of interpretation, which we are now ready 


to explore. 


OSSING OVER OPPOSE EACH OTHER IN 


GENE LINKAGE AND CR! 
AMONG INDIVIDUALS 


THEIR EFFECT UPON VARIETY 


Mendel's discoveries of the unitary nature of the heredi- 
tary material and of the role of chance in providing recom- 
binations of the units in gametes and zygotes were made dur- 
ing the very period when Oskar Hertwig and Strasburger were 
led to assert that the chromosomes must be the carriers of 
heredity. Yet neither the demonstrations of the persistent in- 
dividuality of the chromosomes nor the unique manner in 
which they are duplicated and distributed in equivalent sets 
to each new cell, through the mechanism of mitosis, furnished 
final proofs of the “Chromosome Theory of Heredity.” The 
rediscovery of Mendel’s work brought out at once the striking 
series of parallels between the deduced behavior of the hered- 
itary factors and the transmission of the chromosomes in 
meiosis and syngamy. It was seen that in gametes the chromo- 
somes are unpaired (haploid)—while, to account for the facts, 
so must be the alleles. In the zygote, and in all its descendant 
somatic and prospective germinal cells, the chromosomes are 
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, ee : зц rre- 
paired again (diploid), with a maternal chromosome rm 

i ^ 5. 
sponding to each paternal chromosome—and so аге the allele 


a aS. о 
At meiosis homologous chromosomes disjoin—and so d 
alleles. Different pairs of chromosomes 


assort at random—and 
so do the pairs of genes we h 


ave considered. 


All these facts serve to strengthen our belief in the theory, 
yet none of them are conclusive, It is y 


to typical “Mendelian” inherit 
most convincing evidence th 
nature we can study and w 
tent learn to contro], lie th 
in our quest for an under 

As the first exception, we learn that Mendel's principle of 


the independent assortment of 
cable. The number 


chromosome-carrier. 


eally to the exceptions 
ance that we must turn for the 
at in the chromosomes, whose 
hose behavior we can to some ex- 
€ genes, marking the ultimate goal 
standing of life. 


à number of genes must lie in 
р Consequently, 


genes in the same 
tr 


ansmitted independently in cell 


Moreover, since at meiosis each 


from which it disjoins, the genes 
alleles in its homologue 
endently either, Together they 
form one “linkage Sroup." Only Sene pairs in different pairs 
of chromosomes can assort independently 24 Consequently the 
number of link 


age groups corresponds to the number of 
chromosome pai 


75,25 


24M i 
a d found independent assortment of all seven of 
ie реа. This was an ar 


pairs somes in the pe 
Beneralization, see Рр. 116-115 | 
pon і 3 17. 

= This relati, 


On was first Predicted | 
Student at Columbia University 


eles 
the pairs of ghe 
: 7 1 
mazing chance, for there are s 
a! But for a qualification of t 


» Such as } 
grasshoppers. he had been stu 


different pairs 
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se of linkage turned up in the sweet pea 
(Lathyrus), in 1906. A cross involving two pairs of genes 
showed that the gene for purple flowers and the gene for 
cylindrical pollen grains were inherited together, and, con- 
versely, those for red flowers and disk-shaped pollen. Every 
form of plant and animal subjected to breeding since that 
time has, when sufficiently analyzed, yielded additional in- 


The first ca 


stances. 

An exact correspondence 
groups and the number of chromosome pairs has no 
been found, mainly because of the great labor involved in de- 
termining it, especially when the haploid chromosome num- 
ber is high. But in those organisms which have been studied 
intensively and which have a low chromosome number, such 
as Indian corn, sweet реа, and some six species of Drosophila, 
there is perfect correspondence. In Drosophila melanogaster 
several thousand genes have been tested, and each falls into 
linkage groups corresponding to the four 
the haploid number). The suc- 


е between the number of linkage 
t always 


some one of four 
pairs of chromosomes (i. е., 


had no further part in the advance of the science he 


t in founding. 
nanism, however, which may reduce the number of 


linkage groups below the haploid chromosome number. In Chap. I (p. 17). 
we learned that x-rays often break chromosomes, and that fragments may 
become reattached elsewhere. Thus pieces may be interchanged betweem 
chromosomes of different pairs, а situation known as a "translocation." Since 
pairing is ultimately а property of genes, each compound chromosome re- 
sulting from translocation will have, at meiosis, more than one partner with 
which to pair and from which to separate. The contrast between normal 
pairing and that when @ translocation is present will be clear from the 
diagram below (Fig. 25) The two original pairs of chromosomes are differently 
shaded. 


cine as а profession, 
played so large a par 
26 There is one mech 


с. 


Now this situation will affect the linkage of the 
genes. Suppose one pair of genes, A/a, to be lo- pope Translocation 
cated on one of the original pairs of chromosomes a(@Q4 jy жы 
(unshaded), and another pair of genes, B/b, to be 4 pian 
on the other (shaded). Different pairs of chromo- вд» „а ( 
somes assort independently. We can then expect 6 
random assortment for 4/a and B/b. But when a ы 
translocation has involved to of the chromosomes of these pairs, two of 
hitherto independently assorting genes—a and B, for сире ape а 
ка = г lie in 
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a | ill be 

cessful confirmation of our prediction that the, genes bera 

inherited in linkage groups if they are located in the chro 


i i s th: r the- 
somes serves as further evidence to convince us that ou 
Ory is correct, 


Now what alteration d 
the pattern of heredity? 
possible combinations w 
random one member fror 


oes the existence of linkage make in 
We have seen that the number of 
hich can be made up by taking at 
n each pair of units is э", where n is 
the number of such pairs. In meiosis n is the haploid chromo- 
some number, Then o» js well up in the millions for ae 
kind, but in any organism which has a low haploid number 
or in which translocations reduce the number of linkage 
groups to the equivalent of a low haploid number, it is tether 
small. In Drosophila, for instance, 2" is only 16. Wherever 
the genes Within each chromosome are inseparable, the maxi- 


mum number of variant offspring from a cross between two 
individuals Which have 


no two homologous chromosomes 
exactly alike i he linkage groups is then (2")2. It 
osophila, to only 256. On the other 
idual gene pairs were able to assort at ran- 


dom, э" would amount approximately to 23990 and this num- 


the same com osome. They will therefore be inherited together! 
That will be the genes in this compound chromosome, although 
they were originally of different linkage groups; and, of course, those in the 

pound chromosome will be i i gether, too, Moreover, Since 
independently of the omes 
ill form one interdependen 
the action of X-rays, 


two pairs of chromosomes, We may have larg, 
chromosomes, six, eight 


Correspor 


neously as well as through 
hanges between more : ae 
cr groups of partially [о 
ndingly, three, four, or mo e 
combined into опе. This is especially союш 
с, е evening Primrose (Oenothera) and the soin 
ae it is the most Probable reason why in some forms, su 
5 от ) and the West Indian Suppy (Lebistes), To 
nes nevertheless appear to be ! 


. H . me 
Situation js after all not poaa 
kely to meet with it in an; 


A ————— 
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ber squared would be utterly inconceivable. Thus a limit ts 
set to variation by the linkage of the genes. The fewer the 
linkage groups, the more rigid will be the restriction on the 


number of combinations. 


Actually, there is much more у 
lead us to expect. The fruit fly, for instance, is certainly not 


limited to 256 gene combinations per couple. How is this? 
If linkage were complete, two pairs of genes A/a and B/b 
belonging to the same linkage group (with 4 and B together 
in one chromosome and а and b together in its homologue) 
would always segregate in the combinations AB and ab. Yet 
even in the first observed case of linkage, that in the sweet 
pea mentioned at the beginning of this section, it was ob- 
served that these original combinations were often broken 
up, and recombinations (4b and aB) appeared. Evidently 
genes in the same chromosome may part company and come 


to lie in homologues. In fact, this capacity is quite general, 

for every organism in which linkage has been studied has 

revealed this sort of recombination. Yet linkage is not nulli- 
a 

И 


fied by it, as we shall see. 

Suppose we take an example from maize. A certain reces- 
sive gene (su) produces sugary endosperm in the kernels, 
making sweet corn fit for our tables rather than the starchy 
field corn we feed to livestock. It is linked to another reces- 
sive gene called lazy (14), which produces such a weakening 
of the stalks that the plants straggle and lie prone on the 
earth. By crossing а plant heterozygous for these two genes 


З Я su l 
(gam =) with a homozygous recessive (==) we can test 
a 


S Та 
the former for the kind of gametes it produces (as shown in 


Fig. 26). 
All four possible types are present in the offspring of our 


cross, both the two original combinations and two recom- 
binations. In looking over the offspring we would, nó doubt, 
notice that the recombinations were much scarcer than the 
original combinations. In a large number, which should 


ariation than this would 
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be counted to get an accurate measure of ше vd pon 
would turn out to be approximately дига " denn 
sugary lazy plants, a like amount of the tarchy 

4-5 per cent of the Starchy lazy 
nondazy. The total recombin 
therefore 9.0 per cent. 


and a like amount of sugary 
à Х irs is 
ation for these gene pairs 


Р" 


Meiosis 
NS 
e» i 
Kinds of Gametes 
Syngamy 


Su la S La su La S 


Su іа 


Result: Original combinations: su 


А - Lazy: 
агу lazy, Starchy non 
Recombinations: Sugary Montag Siocon lazy. 
Fic. 96. Recombinat 


ion between the linked ct 
(su) and lazy stalks (la) in maize, as show: 


sperm 
haracters sugary endospe 
possible combinations of the ch 


П in a test-cross. In the progeny b 
aracters and their opposites occur in pe 
proportions, regardless of Whether the combinations are the original hine 
(sugary lazy; Starchy non-lazy) or are recombinations (sugary De eta 
Starchy lazy, But the original combinations and the recombinations are 1 
equally frequent, 


Now we know that all the obser 


: o- 
have taken place in the heterozygous parent." The р а 

i h 
types of the offspring, therefore, reflect the genotypes of t 


e E . ions, | 
Sametes, both the Original kinds and the recombinatio 

“It is ‘obvious, from Fig. 26 

homozygous individual, 
all gametes forme 
gametes, 


T А ust 
ved recombinations m 


ina 
ВЕТ in à 
, that there can be no recombination 


і ОЙЛ, 
Even When one of two Pairs of genes is He M 
d must still be identical, AB /аВ can produce only AB ai 
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parent. We can go a step further. 
nly a single sort of gamete (100 
quencies of the phenotypical 


which are produced by this 
Since one parent furnishes ot 


per cent su Га), the various fre 
classes must correspond to the different frequencies of the 


types of gametes supplied by the other—the heterozygous— 
parent. There must then have been 45.5 per cent su la gam- 
etes; 45.5 per cent 5 La; 4.5 per cent su La; and 4.5 per cent 
S la. This is a particular instance of the more general fact 
that the frequency of any class is the numerical product of 
ncies of the gametes uniti 
», the test-cross has made apparent, in the pheno- 
the gene combinations and their 
tested parent. Of all 
ve is the most reveal- 
t and breeder. 


the freque ng to form it. 


То sum uj 
types of the offspring, 
frequencies among the gametes of the 
crosses, this to the homozygous recessi 


ing and most valuable to the geneticis 
1 recombination take place if the genes con- 


e in the same chromosome? How do alleles 
change places? Observations in both Indian corn and fruit 
fly have demonstrated the general nature of the mechanism. 
In Drosophila, Curt Stern 28 was able to obtain homologous 
vhich were visibly different. By the transloca- 
a little while ago, one chromosome 
had been broken in two,2" while the other had a long piece 
attached to it. Known to lie in one of the short pieces were 
genes, à recessive producing carnation-colored 
,and a dominant narrowing the eyes (Bar— 


Now, how cat 
cerned actually li 


chromosomes у 
tion process described 


two mutant 


eyes (symbol car) 
at the University of Rochester, is a refugee from Nazi 
hs in German on Advances in the Chromosome The- 
and Crossing Over, and Multiple Allelism are indis- 


28 Curt Stern, now 
Germany. His monograph 
ory of Heredity, Linkage 
pensable to the geneticist: 

“Fortschritte der Chrom 
ogie, Vol. 4, PP- 206-359, 1928. 

Faktorenkoppelung und Faktorenaustausch. “Handbuch der Vererbungswis- 
senschaft,” No. 19. Gebrüder Borntraeger, Berlin, 1933. | 

Multiple Allelie. “Handbuch der Vererbungswissenschaft," No. 14., Gebrüder 
Borntraeger, Berlin, 1930- = 

29 Both pieces of this broken chromosome segregate normally, as one has 
its original spindle attachment and the other is preserved from bein, Jost 
ther chromosome (not shown in Fig. 26). Е 


osomentheorie der Vererbung." Ergebnisse der Biol- 


һу translocation to ano 
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11 
symbol B). In the homologous chromosome, with the -— 
limb were the normal alleles of these two genes. (А + sup 


ir of 
script is the symbol for any normal allele.) The pair о 
chromosomes may, therefore, be diagramed in the following 
way (Fig. 27). 


car car* 
B* 


Fic. 27. The two modified s 


i " used 
ех chromosomes of Drosophila melanogaster u 
in the cytological demonstr: 


i Y some 
ation of crossing over. The broken chromoso 


eye color and the 


Females of this type and heterozygous for 
were tested by being crossed to carnation 
As expected, the alleles reappeared m 
combinations; but recombinations (ca 
Bar non-carnation) were also present 
When their chromosomes w 
female offspring carr 
of the original kinds 
along with 
The carn 
the non. 


extra limb, But, 


both gene pairs 
non-Bar males. 
ainly in the original 
rnation non-Bar, and 
among the progeny. 
еге examined, every one of the 
ying the original combinations had one 
of chromosomes present in the mother, 
mologue from the father. 
the broken chromosome; 
ad the.chromosome with the 
er hand, those showing recombi- 
w kinds of chromosomes. The car- 
ghters had two unbroken chromosomes: 

М daughters had a broken chromo- 
Fig. 28). In every single case, Te 


/ же 
d been accompanied by a chrom 
somal change! 


. These types of chromosomes were just what Stern had pre- 
dicted wou] arise if the chr 
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Original Combinations Recombinations 
car B cart B* car Bt B cart 


car car car cars car car car | саг* 
Br Bt Be В” B* В| В 


| | 


Fic. 28. The test-cross offspring of females of the genotype in Fig. 27, show- 


ing how recombination of the genetic characters was accompanied by change 


in the chromosomes. (Stern) 


When might this process, known as crossing over, occur? 
It had long been known that the prophase of the first meiotic 
ng this time the homolo- 
ately paired. Later, while 
loosen up, so as to form 


division is greatly extended. Duri 
gous chromosomes are at first intim 
still twisted about one another, they 

a number of internodes and nodes. (The nodes where the 
chromosomes cross are known as chiasmata.). Each node is 
believed to indicate that the homologous chromosomes have 
broken and have exchanged equivalent segments during the 
period when they were intimately paired (Fig. 29). 


Gametes 


iF a OO 


Fic. 29. The mechanism of crossing over: fracture of homologous chromo- 
1 exchange of equivalent segments. 


somes at identical levels and 

Genes which lie in the same chromosome, then, do recom- 
bine, and this recombination is brought about by an ex- 
change of segments between homologous chromosomes. We 
need go no further to establish our generalization that the 
limitation of gene combinations which linkage brings about 
can be counteracted by the possibilities of recombination 
through crossing over. But to what extent does this recom- 
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bination actually occur? Can it really nullify the effect is 
linkage? In exploring these questions, we shall А a 
get a glimpse into the methods which enable the pues : 
say with confidence: “Неге is а map of the invisible gene І 
This is their order and arrangement within each chromo 
some. Each known gene is here traced to its submicroscoplc 
locus." The human mind has penetrated the secrets of life 
in no more revealing way. 


: г ы somes 
When a chiasma is formed, the homologous chromoson 


i f, then, 
have exchanged segments, as we have seen (Fig. 29). If, the 
the chromosomes carry 


a great many genes, such segments 
must assuredly carry more than one gene apiece. Crossing 
over consequently should result in the recombination, not of 
single genes, but of whole blocks of 
we have failed to detect this becau 
were heterozygous. Had we h 


: re of 
pairs, we could have found out more about the nature О 
crossing over. 


genes. In our example 
irs 

se only two gene рап 
ous 

ad several such heterozygou 


This suggests that w 
crossing over betw 
some. Our 


e next determine the frequency of 
een a number of genes in the same chromo- 
results will now include various frequencies, al- 
ar genes, under the same condi- 
constant. A and B, for example: 
me, while А and С cross over 10 
does this signify? 2 
А. Н. Sturtevant, їп 1913, realized that if the genes аге 11 
he farther apart any two genes lie, E^ 
а crossover between them, This woul 
account for the different frequencies of crossing over betwee? 
different Senes. How can the hypothesis be tested? If the 
assumptions we have made are sound, it should be possible. 


as 
Phila genetics was due largely to пот 
udents: Alfred Н. Sturtevant, Ge dis 
егтапп J. Muller, Sturtevant and Muller laid the four 
nderstanding of cro: 


t { е other 
: ssing over, while Bridges, among 
ed in mapping the chromosomes, 
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ng-over frequencies, to fix the order of 
the genes, and to estimate relative distances between them; 
otherwise not. For example, 4, we have supposed, crosses over 
with B 4 per cent of the time, with C 10 per cent of the time. 
Let B lie four units from 4, and С ten units from A. How 
far is B from С? A little analysis shows us that, if the linked 
genes are in a line, it will depend on whether B and C are on 


the same side of A, or on opposite sides: 


by determining -crossit 


4 -B C B dp 4 10 C 
dh peur qu OI e e ES 
< 10-——_> Е: 


C — AB or AC + AB. In the first case, 


B and C would cross over 6 per cent of the time; in the 
second, 14 per cent. It is a simple matter to determine, by 
test-cross, which is true. Usually the whole matter can be 
settled at once by testing an individual heterozygous for each 
of the three genes. (This is known as a three-point cross.) 
Here is an example from Drosophila, in which more 
chromosome mapping has been done than in all other organ- 
Individuals carrying a mutant which reduces 
the wings to mere stubs (vestigial) were crossed with black- 
bodied, purple-eyed mates (two mutants). (It had already 
been determined that these genes all belong to the same 
linkage group.) Female offspring," all normal-looking, since 
each of these genes is recessive, were then test-crossed, that is, 
were mated with black-bodied, purple-eyed, vestigial-winged 
homozygous males. Their offspring, the F, generation, were 
mostly either vestigial-winged (868) or black-bodied, purple- 
eyed (843) flies. These were non-crossovers. But every other 


BC should be either A 


isms together. 


31 To save endless repetition of normal phenotypes, we соти 1 -— 
each type only by its mutant characters. Thus, the vestigial SE pests 
fly, it is to be understood, has red eyes and gray iode E 
black-bodied, purple-eyed mates have wings of normal each While her 

32 Females must be used for testing crossing over in ноби ila 1 
there is ordinarily no crossing over in males. соо сше 
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re = -ерге- 
possible combination of these three traits was also 1 р 
sented. In a total of 2,012 flies: 


ч ‚ \ these were recombinations of 
(1) 104 were either black, vesti- black and vestigial; and of 
gial; or purple black and purple. 
жүүт. 
à these were recombinations s 
(2) 186 were either black, pur- black and vestigial; and o 
ple, vestigial; or normal purple and vestigial. 
ene 
(есы these were recombinations ve 
(3) а асос рш black апа purple; and € 
vestigia 107 
усмен purple and vestigial. 
If we put any three ge 
intervening regions (1 a 
occur (Fig. 


; го 
nes 1n а row, there can be only " е 
B H . n іс 1 

nd 2) in which crossing over үш 
ы Т. мо e: 

30). Where, then, does the third pair of comp 


rhaps 
mentary classes come from? Have the chromosomes регһар 
b nr ug* 
Ue b= black 
n dE — Pr= purple 
OE e ug=vestigial 


Fic. 30, The regions (1 
pair of chromosomes с; 
body color; pr, 
normal alleles i 


‚ 2) in which crossin, 
arries three mutant 
purple eye color; vg. 
n Drosophila melano 


en 2 
Б over may be detected ы 
genes at different loci. b, valve 
» vestigial wings; bt, фт", ug*, respec 
gaster. 
crossed over in both regions simultar. 


e t H 1 i 
any such "double crossing over" is random, it would be Ч 
product of the frequencies of cro 


Е ssing over in each of the js 
Sons; and one complementary pair of recombinations oug” 
then to be much scarcer than the others. When we calculate 
n 55 between each two pee 
black and purple, 9.8 per cent for. PL 
14-4 per cent for black and € 
ck and vestigial are farthest apart, 2! 


е of 
eously? If the chance 9 


mbination for any two genes is simply: 
number of individuals showing recombination 
total number of individu 


als 
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that purple is in the middle. Then, checking to see whether 
the complementary classes lowest in frequency equal the prod- 
uct of the major classes, we find: 5.8 per cent of 9.8 per cent 
== 0.6 per cent; and 11/2012 = o.6 per cent. Our hypothesis 
seems to be right. 

We can, then, represent the relations of the three genes, 
the varieties of crossing over, and the gametes formed, as in 


Fig. 91. 


Crossing over Саа? both Batons 
b ug E zr uy L 

E ume E 

Б: see _ тш х=. 
2 ug b рг ug b 

>= See Ss 


crossing over by regions, in a fruit fly of the 


Fic. g1. Diagram illustrating 
ing of the normal alleles of 


genotype shown in Fig. go. For simplicity, label 
the three mutant genes is omitted. 


In calculating how often black and vestigial cross over, we 
must count each double crossover between them twice. Yet 
these double crossovers did not result in any recombination 
of black and vestigial.** Hence, we must add twice the fre- 
quency of the double crossovers to the 14.4 per cent of re- 
combinations of black and vestigial, 2 X 0.6 = 1.2; and 14.4 
+ 1.2 = 15.6. This value amounts exactly to the sum of the 
crossing over in the regions between black and purple and 
between purple and vestigial (5.8 + 9.8 = 15.6 per cent). 


er between black and purple recombines these genes; and 
so, too, for purple and vestigial. But every crossover between black and 
vestigial does not recombine these two genes, ‘since, in any region as long as 
this, double crossing over may occur. In shorter regions one crossover pre- 
vents any other close to it. This is the phenomenon of interference. Because 
of these double crossovers, the recombination of black and vestigial (14.4 
per cent) must always be less than the sum of the recombinations of black 
and purple (5.8 per cent) and of purple and vestigial (9.8 per cent). ‘This 
explains why recombination, for relatively distant genes, is always less than 


the amount of crossing over between them. 


34 Every crossov 
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Д : i linear 
This is possible only if the genes are arranged in а 
series. : т 
T а= cross1Ing 
It would be rash to Say that the percentages of ы. бы 
Over give us any exact measure of the relative lengths н а 
5, te ratu 
intervals between genes, as many factors (x-rays, ior lag s а 
d E “ped 5 Or spimidlscantache 
age, sex, proximity to end of chromosome or spind 
ment, for instance) can radically 


alter the frequency of cross- 
ing over. But they do serv 


€ to indicate approximate dis- 
tances and to define the serial order of the genes. We may, 
then, map them in order on a scale, each unit of which repre- 
sents 1 per cent of crossing over, 


This is a sample of the method by 
chromosomes, a 


still finer details 


which a geneticist im 
1 1 . "zl f 
preliminary task essential to the analysis ¢ 


discussion, if some- 


what regretfully, to other aspects of 


more immediate significance, 
What, for instance, is the 
will occur? How extensive is the y 
uals of a progeny ora popul 
by crossing over? At 
in the same chromo 
Cross Over 5o 


ariety, among the individ- 
ation, that can be brought about 
one extreme зү m 
apart that they wil 
» Or more. As 5o per cent 
assortment, which holds 


35 Two genes 
cannot recompi 
tends to та 


тау cross Ove} 


T more th: 
ne mo; 


y 
ап 50 per cent of the time, but Ee 
Те Often than this, since multiple crossing over 

place them together as often as they are separated, Еа, 

both 4 ant c o 3° per cent of the time with 4, and 45 per cent sim ре 
show linkage With B. Yet 4 and C, 75 crossing-over eid 

ndom. This Will account for the occasional instanc ves: 

re linkage Broups than pairs of сһготоѕо! 
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The length of a chromosome in this way becomes a crucial 
factor in controlling the total amount of recombination 
among linked genes. If, for example, a chromosome is 100 
ength, the average gene in that chromo- 


crossing-over units in 1 
some will assort at random with 25 per cent of the genes in 


its own linkage group; while, if the chromosome is as much 
as 200 units long, the average amount of random recombina- 
tion between its genes will rise to more than 50 per cent! This 
is no mere theoretical digression—chromosomes frequently at- 
Two of the four kinds of chromosomes in 


Drosophila melanogaster attain 100 crossing-over units in 
length; in a relative, Drosophila virilis, with six kinds of 
уо of more than гоо units each, two 
e is about 125 units, and 


tain such lengths! 


chromosomes, there are tv 


are about 175 units in length, on 
only one is short. In Indian corn three of the ten chromo- 


somes are more than 100 units, and three more reach 75 
units, or more, in length. The number of possible chromo- 
somal combinations in the gametes (2") is only 16, 64, and 
1,024, in these three organisms, respectively. But so great 
are the lengths of the chromosomes that the number of ele- 
ments assorting at random is rendered greater than the hap- 
loid chromosome number. This amounts to increasing the 
exponent in our formula, and is enormously effective in rais- 
ing the number of possible combinations. 

From this first extreme of random assortment between dis- 
tant genes belonging to the same linkage group, we pass 
through a middle terrain where recombination is of varying 
amount, from 5o per cent down. Here the contribution to 
the total amount of recombination grows less and less. Never- 
theless, the very possibility of such recombination, though 
ever so slight, is an important thing, for it means that every 
theoretical genic combination is ultimately possible. Besides, 
whenever a particular combination of genes within a single 
linkage group is but rarely formed, it will, once formed, be 
all the more likely to stick together, since both combination 
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and recombination de 


pend on the same frequency of crossing 
over. 


hat we have no Way, at least for the 
te genes at all. We can- 
ent techniques, nor can 
'idual bands of the flies’ 
cannot define a gene by 
(р. 79), isa mixed category and is itself 


ne that are apparent. 
avior, for that, as we 


а gene? There is as yet 
this: 4 gene is a single 


The gene has 
and crossing over, "These 


5 
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Now at any given level of a chromosome pair, crossing over 
takes place only between two strands out of the four, and 
always between two strands of different origin—never be- 
tween the strands that have just arisen by duplication from 
one. Let us see, in Fig. 32, what effect this will have. 


No crossing over Crossing over 
Anz (A S а 
"FIL Bib BUS, 


/ / Alleles 


‘Al, а] Y | disjoined 
BUS bid Bub Bub 
All Alleles disjoined Alleles not disjoined 


e first meiotic division brings about the 
п no crossing over, but of only 
hen crossing over has occurred. 


Fic. 32. Diagram illustrating how th 
segregation of all alleles when there has beer 
some of them (4 and a, but not B and b) w 


, 
Mendel established the principle that the effect of meiosis 
From Fig. 32 it is evident that this 
can be accomplished for all pairs of genes at a single cell 
division only when there is no crossing over. With crossing 
over, some (4/4 and a/a) will segregate; others (B/b and 
B/b) will not. It takes the second meiotic division to provide 
for the segregation of the latter (see Fig. 33), forcing us 


is to segregate alleles. 


b B 


В 
: ZTA / 


Fic. 33- Diagram illustrating how the second division of meiosis accomplish: 
the segregation of those alleles (B and b) that have not segregated plishes 
first division because of crossing over. greg in the 
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to qualify the statement made earlier (p. 15) that each 
chromosome segregates from its ho 


mologue at the first meiotic 
division. With crossing ov 


ег to take into account, chromo- 
somes can no longer be considered as unbreakable units, and 
segregation, to be effective for all pairs of alleles, must regu- 
larly require two cell divisions. 

We have seen that meiosis 
sidiary phenomena of crossing 
processes in the formation 
dividual. "Through them 
of individuals found in 
and animals. 


and syngamy, with their sub- 
over and linkage, are the major 
of the hereditary pattern of an in- 
come about the myriad varieties 
most sexually reproducing plants 
It is only in their light that we can compre- 


‚ апа to see how the division 
ale has been steadily extended 
з ever greater share of the life 
lave acquired a sure genetic 
lacing the haphazard action of 
agaries of developmental forces 
comprehend the nature of the 


е how this is accomplished, and 


hat effects the new mechanism has in turn on 
on of the genes. 


nd fem 
include ai 
Gradually organisms | 
means of determining Sex, rep 
external environment oy. the v 
alone. We cannot adequately 


hereditary pattern until we se 
until we see w 


the transmissi 


cycle. 


CHAPTER 111 н чады Л 
The Genetic Basis of Sex 


S is a vital and productive force in man's life. Many 
have considered it, from a wide variety of viewpoints, 
without appearing to have grasped its basic significance as a 
biological phenomenon. Indeed, it was not possible to do so 
until the genetic and cytological advances of the present cen- 
tury had paved the way. Yet how futile it must be to carry 
the quest for the meaning of sex into obscure realms of emo- 
tion or social influence without that sure sense of direction 
which can come only with an uhderstanding of its biological 


function and evolution. 


SM OF SEX PRODUCES VARIATION 
AMONG OFFSPRING 


THE MECHANI 


ans "man and woman." Biology can, 
as to this interpretation. Were we to 
of living organisms, it would be- 


Sex to most of us me 
first of all, enlighten us 


make even a hasty survey 
come apparent, first, that all sexual characteristics are asso- 


ciated with the production of either sperms or eggs. Male- 
ness is essentially the capacity to produce sperms; femaleness, 
to produce eggs- Second, we would see that an isolation of 
these two capacities in distinct individuals is a matter of sec- 
ondary importance in the story of sex. Among many of the 
lower animals, each individual has two sets of reproductive 
organs, one male, the other female, and is therefore able to 

h kinds of gametes. Among the higher plants 


produce bot 
121 


CALCUTTA! * 
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this situation is by far the most general. The e peir 
plant generally either bears flowers carrying both male sine 
female structures, or it has separate male and female ec = 
Relatively infrequent are those plants, like the willow, м 29 : 
male and female flowers ате produced on entirely distinc 
individuals. An isolation of the sexes evidently cannot he 
regarded as the most widespread or essential feature of м, 
it is important, to be sure, and we shall return to a conside 
ation of its significance, but it is not “elemental” sex. u 
Nor does sex as a Process necessarily imply cross-fertiliza- 
tion. Usually, of Course, two individuals participate, Filis 
among hermaphroditic forms, such as the earthworm, where 
each individual possesses both male and female reproductive 


n is quite the rule among many of 
the members of the pea and bean 
н pim e 
ery possibility of Cross-fertilization may b 


virtually excluded by the structure of the flower. Among 
one-celled organisms we can find 


obligatory self-fertili 
heliozo, i i i $ of delicate projections. 
inty Christmas tree ornaments 
Pts the series of fissions by which 
1 а sexual interlude, Two nuclei 

undivided cell mass, Each then 
Passes through the usual two meiotic divisions, and Юан 
resulting nuclei degenerates. Two haploic 


: je 
These, the equivalents of gametes,t mov 
cr, meet, and f 


(Fig. 94); at times it interry 


it reproduces and engages jr 


nuclei are left. 
toward each oth 


ake contact by a bridge А 
ach, an exchange of haploid Pad e 
m one individua] wandering over the DE. 
m nie Mfemale" nucleus or the other. One or both of йге 
Pending on the Species, resumes the normal vegetative 


c ium, is in most of the te 
I$ exactly that E 


M Я есі 
Xtbooks. Its biological eff 
Variant, one i 


Н sting 
no more than an шест ы 
stead of whole cells, an 


only . 
The proces, as comm 
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Pseudopod Engulftng Food 


=— 


wee 


Contractile Uacuole fA 


aylike pseudopods are 
motion as well as in 


an, Actinophrys sol. Its r 
asm used in locor 
liminates excess water and some 
Courtesy "of The 


Fig. 34. The common heliozo: 
temporary projections of the protopl 
engulfing food. The contractile vacuole е 
wastes. (From Buchbaum's Animals without Backbones. 
University of Chicago Press) 

formed by the union of gametes derived from the same 


"grandparental" cell. 
If neither differentiation of the sexes nor participation 
iversal aspect of sex, what 


of two individuals is the most unt 
element of sex is most fundamental? The answer should 


now be clear to us; it was the major subject of Chap- 


ter II—the cycle of meiosis and syngamy. Sex is fundamen- 
tally the adaptation of the individual to this cycle. It is the 
capacity to form haploid gametes which later fuse. 

If this is so, it becomes clear that sex has often been con- 
fused as to meaning and significance. It is not, for instance, 
equivalent to reproduction. Mitosis results in two cells being 


three divisions, instead of the usual two, are required to form them. 
these divisions are meiotic; the third is an ordinary mitosis. 
situation is related to the original differentiation of spores and 


in Chlorogonium (see pp- 124-125). 


which 
Only two of 
Perhaps this 
gametes, as 
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formed from one—that is the I 


basis of reproduction, as was 

i ing 

pointed out in Chapter I. Syngamy results in one cell being 
formed from two—that is the 


basis of sex. The two processes 
are diametrically opposite. Yet, in the origin of pm 
of most forms, both play a part; and so interrelated are t 1ey 
that, to most of us, the function of sex has, no doubt, ар” 
peared to be reproduction, Instead, if its function is none 
other than that of the "meiosis-syngamy" cycle, it must be 
the production of varia 


: ae i- 
tion among the individuals of a fan 
ily, of a population, of a race, of a species. 


SEXUAL REPRODUCTION RESULTS FROM THE IN] 
OF SEXUAL AN 


TERLOCKING 
D REPRODUCTIVE CYCLES 

Aside from cell divisio: 
another essential compo 
formed by the process о 
"pon one another, mus 
ism and sister cell, and vi 
Organisms, w 
à single isolated cell. 
single haploid cell whi 


1, there is, as we have already ias 
nent of reproduction. Cells, vo: 

aye ы d 
f cell division, must loose their ho 


iploid, generally arise from 
oid organism comes from а 
ch we may call a spore (a term, to be 
sure, usually somewhat more restricted in its meaning). ir 
diploid organism arises from a zygote formed by the fusion О 
two haploid gametes; in other words, a requirement of syn- 
Samy has been mposed upon the isolated reproductive 
cells, €spects these two sorts of reproductive 
Sametes, are extraordinarily similar. А 
Pare spore and gamete formation in Chloro- 
the simplest of the three members of the Volvox 


2 Sometimes, of final severin 
time, while th v at the ex 


The hapl 


superit 
In all Other г 
cells, spores and 

If we com 
onium, 


g 
§ of these ties is put off for айо 
pense of their parents, есет" 
ау even go so far that the о " the 
* parent organism (for examp" T the 
mosses or the haploid phase n sie 
ing to Compare with these the lifelong ecor own 
i Tents in certain strata of our 
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order that served in Chapter I (р. 45) to illustrate the pro- 


f reproduction to special reproductive 
cells, we can get a good idea of their extreme similarity. 
(Meiosis immediately follows syngamy in these algae, as in 
Spirogyra (p. 126), so that all the cells spoken of here are 
haploid.) In Chlorogonium each individual divides into four 
cells. These then break out of the envelope of the parent, 
and become independent individuals; in other words, they 
are spores. However, sometimes a third cell division doubles 
this number before they are set free, and these half-sized 
individuals, otherwise identical with the spores, behave as 
gametes. Each mst fuse with another gamete before resum- 
ing cell division; otherwise it perishes. From the resulting 
zygote there forms a cyst which enables the organism to sur- 
vive adverse conditions, and from it, by meiosis, there will 
arise four vegetative individuals (see Fig. 84, р. 54). In sim- 
ple forms like this, gametes and spores are frequently indistin- 
guishable. The similarity goes even further, as we shall see 
later (р. 133): : 
„There is, indeed, but one real 
The former can b 
mously if external conditions ar 


must normally undergo fertilization be 
development can start. In the gamete, mitotic activity is 


blocked. In the spermatozoon, this might be due simply to 
its lack of cytoplasm and foodstuffs. The ovum, however, has 
no lack of these, and the obstruction must be of another sort. 
Just what, we cannot say, although we do know that it can be 
removed by agents other than the entrance of a sperm. In 
some of the algae and in many animal ova, even in those of 
mammals, development may be activated by a great variety 


gressive limitation o 


> 
distinction between spores 
egin cell division autono- 
e favorable; but gametes 
fore cell division and 


and gametes. 


of causes.” 
There is great variety in the time at which this block, the 


3 Salts, acids, alkalies, hypertonic solutions, temperature change, electrical 
stimulation, shaking, puncturing with a needle, are examples. However 
what works with one egg often will not work with another, even though 


they are closely related. 
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Occasion of Syngamy, occurs y 
meiosis is a consequence of syr 
Stood except as a complement 
follow syngamy immediately. 


vith respect to meiosis. As 
agamy and cannot be under- 
to it, we might expect it to 


This, however, is not so in the 
higher animals and plants, and we have to turn to primitive 


organisms to find such a situation. Although, so far as is 
known, this Sequence occurs і 


served “conjugating,” 


A bridge of protoplasm forms be- 
tween adjacent cells of 


the two strands, and the entire sub- 
» Cytoplasm as well as nucleus, passes over 
the bridge and merges with that of the other. Then the 
urse, is syngamy, and a diploid 
te thus formed is set free from the 


med (the cytoplasm is 
“generate. Then, from the cell with 


oH i aploid nucleus, there is produced by 
Mitotic cell division а typical filament, al] the cells of which 
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4 


Meiosis 
I 
Syngamy 
NS 


Alga 


Fic. 35. The relative lengths of the haploid a 
cycle in the common green alga Spirogyra. 
thick line. 


nd diploid phases of the life 
Haploid, thin line; diploid, 


life cycles meiosis takes place just before the formation of 
spores. The diploid plant accordingly produces spores; it is 
the sporophyte. The plant of the haploid generation then 
produces gametes and is called a gametophyte. The diploid 
and haploid plants are usually quite different, so much so, in 
fact, that in one brown alga ( Cutleria-A glaozonia) they were 
actually considered different genera until the life cycle was 


worked out. 


Meiosis : BN 
Syrgamy \ Syngamy Syngamy 
d j Meiosis 
Meiosis 
Ferns Seed Plants 


Mosses and Liverworts ғ 
Fic. 36. The relative lengths of the haploid and diploid phases of the life 
cycle in mosses and liverworts (bryophytes), in ferns (pteridophytes), and in 
seed plants (spermatophytes). Haploid, thin line; diploid, thick line. 

However, it is not the alternation of generations of hap- 
loid and diploid multicellular forms that in itself interests us 
here. A comparable alternation does not exist in animals. 
Nor is there any real connection between the vegetative forms 
and the chromosomal constitution. This is known from the 
fact that, by suppressing meiosis, diploid "gametophytes" can 
be produced, and by stimulating unfertilized eggs to develop, 
haploid “sporophytes” can be obtained, in each case the re- 


‹ АМ 
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verse of their normal chromosom 
tant consideration is that this alt 


the immediate production of gametes is not the invariable re- 
sult of meiosis. Meiosis produces haploid reproductive cells, 
but these are typically “spores.” j 

As the importance 
diminished from the 1 
phyte is finally reduc 
Sitically dependent 
meiosis does not resu 


al constitution. The impor- 
ernation reveals plainly that 


of the haploid phase is progressively 
Ower plants to the higher, the gameto- 
ed to two or three cell divisions pane: 
upon the sporophyte.* Yet even here 
It directly in the production of gametes. 


i 


Syngamy 
Meiosis 


y 
Animal 


ths of the haploid and 
thin line; diploid, thi 


Fic. 37. The relative leng 
cycle in animals, Haploid, 


In animals, on th 
of meiosis itself. The w 


» life 
diploid phases of the li 
k line. 


їп the higher plants. “othe 
f gametes by the meiotic divisions is nd 
zing the block to mitotic activity 4 


c 
among animals, just as among plants, the 
4 The Superiority of diploidy, on account of i > evo- 
terious effects of mutated Benes, has no doubt been a major factor in the does 
life. The alternation of haploid and diploid a is 
evolutionary advantages; but wherever, as in the higher р xtili- 
there appear in the diploid phase of the life cycle such mechanisms (self- u the 
zation; vegetative Propagation) as provide the same advantages we find i! and 
haploid Bametophyte (namely, rapid €xpression of new recessive mutants 
breeding true to type), then the Bametophyte tends to become vestigial. 


; lele- 
ts insurance against the ¢ 
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is no exact uniformity in the time at which this block occurs. 
It varies considerably in its incidence; it may fall just before, 
during, or just after meiosis. Table II shows that even among 
closely related types there is no uniformity. 


ТАВЕ П 


Incidence of block Type of organism 

Higher plants; sea urchins, co- 
elenterates (rare in animals) 

Some invertebrates; many ver- 
tebrates — frog, mouse, bat, 
etc., probably man 

Many invertebrates (various 
worms, insects, mollusks) 

Common in invertebrates (var- 
ious mollusks, crustaceans, 


1. After ovum is mature 


2. During second reduction di- 
vision (at metaphase or ana- 
phase) 

g. During first reduction divi- 
sion (at metaphase) 

4. Before reduction 


worms) 


The incidence of the block relative to the meiotic process 
is one of the hereditary characteristics of each particular or- 
ganism. In other words, genetic factors control the time at 
which the block intervenes. This is an important fact, since 
it follows that the alternation of haploid and diploid genera- 
tions characteristic of the plant kingdom and the relative 
absence of a haploid stage in animals are not, as might seem 
at first, fundamentally remote sorts of life cycles. To put it 
another way, a rather simple genetic change, a mutation or 
so, might entirely remove this block to development in the 
reproductive cells formed by a diploid animal, and thereby 
transform these cells from gametes to “spores” and introduce 


a haploid phase into the life cycle.® 
5 This has actually occurred. In bees, ants, and wasps, and among various 
other зурга eggs may develop without having been fertilized, These 
eggs are, then, equivalent to spores, for they are reproductive cells lacking 
that block to developmental activity which is characteristic of gametes. Like 
the haploid phase of the plant's life cycle, the haploid individuals developing 
from these unfertilized eggs produce gametes which require syngamy. This 
n as haploid parthenogenesis, is linked with the mode of 


situation, know 
sex determination 1n these insects, so that the haploid individuals are male 
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ANIMAL FLOWERING PLANT 


Formation of 


Oogenesis Spermatogenesis Megagamete Microgamete 


i 
029 
microspores 


| (pollen grains) 


Z 
8 
HMegagamete | ~Microgametes 
Endosperm 1 
-nuclei 
Fic. 38. A com 


parison of Bamete formation ir 


For explanation See text, pages 131-133. 


2 at. 
1 animal and flowering pla! 


Li 
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Gamete formation is similar in animals 
and higher plants 
From what has been said, it is clear that the formation of 
the reproductive cells in the higher plants is quite similar to 
that of animals. Figure 38 makes this clear, similar stages be- 
ing placed on the same level, with diploid cells indicated by 
thick lines and haploid by thin lines. 
The first three horizontal rows are evidently alike in all 
The two cell divisions represented here 


four columns. 
ective reproductive cell has a 


merely indicate that each prosp | 
lineage which goes back to the diploid zygote formed by 


syngamy, a lineage which, through an indefinite number of 
cell generations, consists of undifferentiated cells. j 

We may really start, then, from any single cell in row 3. 
These are the cells which will undergo meiosis. First, how- 
ever, each passes through quite a long period of growth and 
food storage; and here we can notice the first difference be- 
The growth and storage of food are 
e female gametes of both animals and 
ospective male gametes. Row 4 
shows the products of the first meiotic division. In the male 
lineages the cells which are produced by division are equal 
in size, but in the female lineages one cell receives all of 
the stored food, plastids or other organized cell structures, 
and most of the protoplasm. This is brought about by the 
particular orientation of the spindle. When the spindle lies 
close to the surface of the cell (as it does whenever there are 
present large amounts of inert substances, such as food, which 
impede cytoplasmic division), it makes a great difference 
whether the axis of the spindle is parallel or perpendicular to 
the surface of the cell: for if the spindle is parallel to the sur- 
face, the cell offspring will be equal; but if it is perpendic- 
ular, the outer cell will be very small, and the other, which 
will be very large, will get all the stored substances. Both 


kinds of orientation occur, each in an appropriate situation, 


tween our columns. 
greater in the prospectiv 
seed plants than in the pr 
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When, during cleavage of the zygote (see Chapter V, p. 226) 
it is vital for each cell to get its share of the food needed for 
the activities of cell division and development, the spindle 
regularly lies parallel to the surface of the cell. But when, as 
here, the life and growth of a new individual depend upon 
the sufficiency of the food contributed by the ovum, the spin- 
dle is perpendicular, and the stored food supply is not divided 
up (see Fig. 63). As a result, each animal ovum is accom- 
panied by three tiny, functionless polar bodies; and the mega- 
gamete of a flowering plant, typically, by three vestigial mega- 
gametes. On the other hand, in the male lineages each of 
the quartet of haploid cells produced by meiosis is func- 
tional. In animals these differentiate into spermatozoa with- 
out further cell division (Fig. 38, row 5a); in the plant they 
are the pollen grains. 

Figure 38 shows three more cell generations in the female 
lineage (rows 6, 7, 8), and two more cel] generations in the 
male lineage (rows 6, 7) of the flowering plant. These rep- 
resent the growth of the vestigial haploid phase of the life 
cycle (the gametophyte). The three divisions of the megaspore 
produce an oval embryo sack of eight cells. Five of these are 


nt role. Two nuclei in the 
cente in i ided mass of cytoplasm which con- 
the megaspore; these are the 
The eighth cell, at one end, is the mega- 


and eventually reaches the embryo sack 
s it grows, the pollen tube nucleus stays at 
i e it degenerates. The micro- 
the pollen tube as it lengthens and, 
reached, penetrate it. Here occurs 
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the peculiar fertilization mentioned earlier (p. 62 ftn.), with 
one microgamete fusing with the megagamete to form a 
zygote, the other fusing with the two endosperm nuclei to 
form the triploid endosperm. 

The similarity of spores and gametes is very striking here. 
Spores from each plant cell undergoing meiosis are typically 
produced in groups of four (row 5 in Fig. 38), although by 
a succeeding mitosis or two they may, in some organisms, be 
further increased in number. In animals, gametes are also 
typically formed in quartets, although in a few organisms 
extra divisions multiply their number also. In many plants 
spores are differentiated, like gametes, into large and small, 
the large producing a female haploid plant, and the small, 
a male (row 5, Fig. 38). Moreover, three of the four mega- 
spores in a group generally degenerate and only one is func- 
when each animal ovum is being formed, three 
ar bodies accompany it (rows 4, 5 Fig. 
38). The transportation of the reproductive cells of the male 
line to the female line occurs in both animals and seed plants 
(5a) and 6. Hence, in the former, gametes 
(pollen grains)—yet an- 


tional; just as, 
nonfunctioning pol 


between rows 5 
are transferred; in the latter, spores 


other instance of parallelism. 
In these ways the sexual cycle is superimposed upon the 


reproductive cells. Syngamy removes a block to mitotic activ- 
ity, a block which differentiates gametes from spores. This 
block may be shifted by minor genetic changes. Thus there 
arise forms with alternating haploid and diploid phases of 
various lengths and degrees of importance (higher plants). 
When the block is imposed during meiosis, the entire haploid 
e is eliminated, except for the gametes themselves, and 
ave the purely diploid individuals characteristic of the 


phas 
we h 
animal kingdom. 


"IN THE BEGINNING . . . MALE AND FEMALE'"- 


In all but the very simplest organisms gametes can always 
be distinguished as either male or female. Although among 
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lower organisms, such as diatoms and green algae, = 
and ciliates, gametes usually cannot be clearly recognize 
male or female, in many of these the fusing gametes е 
readily distinguishable by differences either in size чай ze > 
or in activity. In Mucor, a bread mold, for example, al " 
threads look alike. Yet they are different physiologically, we 
not all strands will conjugate; that is, only the gametes о 
certain strands are different. It is, indeed, very questionable 
whether there are any organisms in which fusing gametes at si 
both physiologically and morphologically alike. It e 
probable that the impulse toward syngamy depends upon th 
existence of unlikeness, that the very foundation of sex is an 
affinity of unlike forms. Of course, not too unlike! Male and 
female gametes show decreasing affinity for one another as 
they come from species more and more distantly related. But 


i e 
even sperms and ova of different phyla seem to have som 

; a 
affinity for one another—for example, those of mussels and se: 
urchins. 


Sexual differentiation 


can be found even within the most 
closely related cells. 


Some authorities on the subject main- 


ersal phenomenon among sexual organ- 


isms that every individual, and indeed every cell, possesses 
the potentialities of both sexes 


It has been discovered that in the flagellates two “зех sub- 


© the water and may be obtained 
5 by filtering them off. It is also 
substances are produced by гус 
P5 of individuals differ in the relative 
Proportions of the two substances they secrete. Hence d 
organisms can be grouped into “mating types,” individuals 
of one mati 


an ; too 
ing type pairing only with others of a not 

Ge- 

5 Hartmann, Max. Verteilung, Bestimmung, und Vererbung gr m 

schlechts bei den Protisten und Thallophyten. “Handbuch der аа 

wissenschaft," No, 9. This monograph on sex determination in em it. 
forms of life will undoubtedly prove stimulating to those who can г 


ET. an unfor- 
graphs of this most authoritative series, it has, 
er been translated into English. 


om the organism 
claimed that these two 


individual, but that grou 
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similar type. In other primitive organisms (füngi, Para- 
mecium) "mating types" have also been discovered. Some- 
times there are only two in any local group, but again there 
may be more. Whether or not we regard the latter situation 
as a multiplicity of sexes, there seems to be ground for believ- 
ing that these differences of mating type are all based upon a 
chemical bipotentiality, so that we may speak of a “male” and 
"female" principle, although perhaps we cannot term par- 
ticular mating types definitely male or female. 

These chemical principles of sexuality that are responsible 
for the act of syngamy are not necessarily identical with those 
which underlie the differentiation of gametes into a large, 
nonmotile female type and a small, active male type. This 
appears to be the case from observations that large “female- 
type” gametes may pair with those of a different mating 
type which are, nevertheless, also large and apparently “fe- 
male” in type. Definitions of sexuality become exceedingly 
controversial when applied to primitive forms. We can only 
application of the terms male and 
s are reduced or limited to 
microgametes, 


reach agreement upon the 
female wherever the mating type 
two and where these produce mega- and 
respectively. 

Among all definitely sexual species, a second sort of bi- 
potentiality appears to be a fundamental characteristic; that 
is, the capacity to preduce both male and female gametes 
is present in each individual, although it may not be de- 
veloped or exercised equally. This is evident in the great 
majority of plants and is well-nigh universal among the more 
primitive ones. The lower animals, too, are nearly all her- 
maphroditic; and among those more specialized types char- 
acterized by isolated sexes, such as insects and mammals, inter- 
sexuality and sex reversal are sufficiently frequent to impel 
us to believe that bipotentiality is a rule there, too. 

Whether we are dealing with the first or the second type 
of sexual bipotentiality, we can safely assume that either is 
due to genetic factors, just as we assume that these underlie 
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all developmental potentialities; and we may symbolize them 
by letters, keeping in mind, however, that they probably 
represent gene complexes rather than single genes. Letting 
M represent the potentiality for maleness and F that for 
femaleness, the basic Senotype as to sex is then MF when 
haploid, MMFF when diploid. 

Most evolution has tended to increase the organism's con- 
trol over its own internal environment—over its basic life- 
processes. The ultimate step in this direction is to superim- 
pose the internal, stable biological control provided by genes 
upon the haphazard, less easily regulated determination by 
the environment, Sex being one of the basic life phenomena, 
it is not surprising that, in the course of organic evolution, 
genetic factors have arisen which react with, or even replace, 


nongenetic ones in controlling the time and mode of sex 
determination. 


X determination (that is, its time in 
lace within the organism); for in a 
ants this is all that has ever de- 
determination of which cell or 
and which shall be female is left 
€ external environment. For ex- 
lia, a marine worm, when isolated 
à larva that finds a female becomes 
cis, develops there into a tiny, parasitic 
male, and ultimately lives within the female's uterus. In the 
horsetail (Equisetum), strong light and plenty of nutriment 
lead to the development of exclusively female sex organs, 
While the lack of these environmental factors results in male 
Sex organs, plants certain soil conditions tend to 
rmining effect. 
developmental traits, sex is generally 
internal environment by the action 
'ganism upon other parts. The little 
a relatively simple example of this 


In other I 
exert a similar sex-dete 
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situation. Each haploid spore of Funaria germinates into a 
plant with two branches, one apical, the other lateral. The 
apical branch is always male, the side branch female, while 
the stalk on which they grow is neuter. Now, the differentia- 
tion of the one branch as male and the other as female is, no 
doubt, a matter of reciprocal relations; but the fixation of the 
time and place at the moment of branching is a species char- 
acteristic, hereditary, and, we therefore assume, genic." 

In Funaria sex differentiates in the course of the haploid 
phase. The diploid plant which grows from the zygote is, 
like the haploid plant in early growth, sexually bipotential 
and neuter. Many ferns and mosses are like Funaria in this 
respect. On the other hand, if genes impel sex to differentiate 
at some time during the diploid phase, the differentiation 
then persists through the haploid phase, too. Among plants 
ferns and a large majority of the flowering seed 


the higher 
als the coelenterates, flatworms, and 


plants, and among anim 
annelids all fall into this group. This situation is probably 


the most universal in respect to sex. 


Considering plants first, we find that many, such as the pea 


and the bean, the rose and the lily, have flowers which contain 
both male and female organs, the stamens and the pistils, re- 
spectively. Here sex makes its appearance during the forma- 
tion of the flower. Next there are a few plants, such as the 
horse chestnut, which.have some flowers mixed, some pure. 
The horse chestnut, for instance, has mixed flowers and pure 
male flowers on the same tree, so that sex becomes differen- 


7 It is not at all plausible that most fundamental inherited characteristics ol 
a species are nongenic, and that minor variations monopolize the most 
effective means of cellular division, mitosis. There is a good reason why we 
cannot prove the genic nature of the major characteristics of any given form 
of life. Because they are so vital a feature, any change in the genes govern- 
ing them is almost certain to lead to a condition that will be lethal during 
development; such mutations are immediately eliminated. These genes are 
consequently kept homozygous. But through meiosis and syngamy we are able 
to trace only heterozygous pairs of genes. We are dependent upon differences 
between alleles for our knowledge of each specific gene. It is, therefore, quite 


probable that we shall never be able to identify many of those which are most 


important. 
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tiated sometimes during flower formation and sometimes Je 
before. (However, each plant species is quite constant in lei 
kinds of flowers a single plant will bear.) Transitional forms 
such as these lead us to a type where the flowers on a plant 
are all either pure male or pure female, though both grow 
on the same plant. This condition is probably as familiar 
aple, of the squash and cu- 
and birch. 

X is usually distinguishable 
only in the sex organs. These are often present simultane- 
ously, as in the earthworm; in other forms, such as the com- 


mon Hydra, they are not present together, except rarely, but 
arise at different seasons, 


Sex differentiation may thus fall 


early or late in the dip- 
loid, as well as int 


The very fact that it 


t normally, therefore, 
* differentiation is no 


may, then, represent 
“gene complexes as MFZ in the hap- 
i. P uM MMi ; i ; letting Z stand for 


when sex i 
F and M(F) i 
if diploid, MMFF similar] 
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invertebrates, and even in some fishes, sexuality is consecu- 
tive or alternating. In some of these forms the individual 
first passes through a functional male phase, next matures as 
a female, and then may revert to a final condition of male- 
ness, or, like the common oyster, may continue to vary back 
and forth with the seasons. The same primitive germ cells 


Sex Determination 
in the 


Haploid Phase Diploid Phase 


MMFF . 9 
МЕ (МЕ 
МЕ МА? 
syngamy Meiosis M ir MAS OOF 
ме \z JSyngamy Meiosis 
(OFS MENS. 
i (M)F 


—  Haploid 
—— Diploid 
^ 

tion in the haploid’ phase, as in the moss Funaria, con- 
trasted with sex determination in the diploid phase, as in maize (Zea). 
sexually undetermined; & = male; 9 = female. M, genes for male- 
F, genes for femaleness; Z, genes controlling the time and place of sex 
determination in the life cycle. The “alarm hand" indicates the time at which 
d. The symbols for the M and F genes whose effect is locally 
аге placed in parentheses. 


Fic, 39. Sex determina 


sex is determine: 
and temporarily inhibited 


are able to develop either into sperms or into eggs, depend- 
ing upon the sexuality of the reproductive organs, and dur- 
ing the course of sex reversal self-fertilization may even occur. 

In other forms, such as Crepidula, a marine snail, the fe- 
male phase, once it is attained, persists throughout life. Since 
male and female gametes do not mature together during sex 
reversal, self-fertilization is prohibited. Here, then, in con- 
trast to the preceding instances of but partial isolation of the 
sexes, functional maleness and femaleness do not coexist in 
the same individual. Like change of plumage in a fowl from 
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an immature to a mature phase or like metamorphosis in in- 
1 1 c itv i rOV- 

sect and amphibian, this consecutive type of sexuality is go 


i г ri in the 
erned by homozygous genes, in the manner described in t 
preceding section. 


i i i r mecha- 
However, most organisms have hit upon a simpler mech: 


nism for bringing about the isolation of maleness and female- 


i ч ither 
ness. Not only can sex be determined by genes acting eit 


during the haploid or during the diploid phase of the life 
cycle, but it can also be determined at the 
one phase to another, 
latter situ 


time of change from 
that is, at meiosis or at syngamy. This 


ation, of particular importance among the higher 
animals, has far-reaching effects. It brings about, besides the 
isolation of maleness and femaleness in separate individuals, 
the inheritance of nonsexual traits in association with sex, 
and a maintenance of the sexes in an approximately equal 
ratio. Let us see how this is brought about. 


s Be as iosis. the 

In the first place, if sex determination falls at meiosis, th 
sexes will, as a consequence, be iso 
tire following phase; th 


be male or female and 
is true of certain ferns, 

If, on the other hand, sex i 
tion is complete for the w 
through the entire succee 
the seaweeds of the genu 
tion of sucha step. There 
diploid plants of w 
In another memb 
of sex organs gr 
times on differe 
season of the y 


lated throughout the pe 
at is to say, haploid individuals was 

; s 
not neuter or of mingled sex. Thi 


5 determined at syngamy, isola- 
hole diploid phase and carries pa 
ding haploid phase as well. Among 
s Codium, we may trace the evolu- 
is one species (C. decorticatum), the 
hich bear both male and female sex on 
er of the group (C. elongatum), both kin 1 
OW sometimes on the same plant, at ager 
nt plants, apparently depending upon t z 
car. In yet other relatives, male and female m 
organs grow only on different plants; that is, the sexes a 
quite isolated from the time of syngamy on. pu 
ample, in a more familiar organism, is found in maize. ed 
eral mutant genes have been found which in combination 
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convert the normally monoecious * Indian corn into a type 


with isolated sexes (see p. 145)- 

'The determination of sex at meiosis or syngamy may be 
brought about environmentally, as in C. elongatum, but in 
most known cases it is genetic. We might indicate this in 
Fig. 39 merely by shifting the “alarm hand," representing 
the action of genes which fix the time of sex determination, 
until it points either to meiosis or to syngamy. However, 
such genes are rarely homozygous. They are, as a rule, heter- 

d by their segregation and 


ozygous, and sex is determine 
recombination. 
o trace this behavior, it will be well to 


Before we go on t 
ponder for a moment the significance of the separation of 


‘emaleness. From childhood we are acquainted 
at they are completely isolated among all the 
on the other hand, this isolation is 
gher plants. What are the 
tems, both of which are ap- 


maleness and f 
with the fact th 
higher animals, while, 
comparatively rare among the hi 
consequences of these opposed sys 
parently so successful, so widespread? 

An isolation of the sexes obviously makes the closest kind 


of inbreeding, self-fertilization, impossible. The converse sit- 
Our question, then, resolves itself into 


d evolutionary merits of inbreeding 


uation permits it. 


the relative genetic an 
and outbreeding. What reasons lie back of the almost uni- 


versal prohibition of brother-sister marriages among human 
societies? Why does a stockman, on the other hand, con- 
stantly use this very type of cross, or the even closer one of 
parent with offspring, when he wishes to breed a choice variety? 
Among plants with perfect flowers, which are presumably 
capable of self-fertilization, why is there so widespread a 
dependence upon winds and insects to insure cross-fertiliza- 

8 Monoecious and hermaphroditic are the two terms uscd, respectively, by 
botanists and zoologists to describe the production of both male and female 


gametes by à single individual. Dioecious is the only term describing the 
complete isolation of these sexual capacities in distinctly male or female 


individuals. 


Stern Indians, which insured 
their marrying outside their own clan? Is it equally good, 
better, or worse, to marry always within the "family" or the 
native village? А 
we must probe the genetic ef- 

omozygous individual, AABB, 
will form only AB gametes, ап 


,if self-fertilizing, only AABB 
ent can be produced, A heteroz 


ization, these will pro- 
OUS proportions, Four (AABB, 
е homozygous, and, when self- 


Assuming random assortment 
€ up one fou 


homozygous 


genotypes in varii 
aabb, AAbb 


fertilized, Ww 
these wil] on 
One half of t 


d of one genera- 
2 group are completely 

€ endo Seneration the propor- 
4 (Y of Vo + (44 of 14) = 9/16. We can similarly 
calculate that at the end of a third Seneration it will be 
9/16 + (y; of и) + (16 of %) + (4 of 1/16) == 49/64- 
| i her, one can readily see that in- 
uces a heterozygous group to the 


» being the closest 
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one: Which is better, heterozygosity or homozygosity? The 
answer, of course, must depend upon the nature of the re- 
cessive genes present in the ancestor to begin with. If there 
were numerous beneficial ones and none markedly dele- 
terious, inbreeding, by rendering them homozygous and 
contributory to the phenotype, would unquestionably be 
beneficial. Moreover, once an advantageous phenotype is 
obtained, it will breed true if it is homozygous and is in- 
bred. Thus peas and beans maintain excellent stock by self- 
fertilization—homozygous lines of poor character having all 
been eliminated through selection. Thus, too, the Ptolemies 
of Egypt kept their fine line from deteriorating by brother- 
sister marriages, which produced the most enlightened rulers 
of their time, until, in Cleopatra, the dynasty ended with 
the most brilliant flower of all. 

On the other hand, inbreeding renders homozygous all 
harmful recessive genes, too. The general prevalence of 
these can be recognized if we recall that most mutations are 
recessive, and that of these almost all are detrimental to 
some degree. Deleterious recessive genes are eliminated only 
very slowly by natural selection, and thus close relatives 
tend to carry them in common. This can be seen from: 
the fact that the percentage of stillbirths and abortions in 
first-cousin marriages is far higher than in the general popu- 
lation, a situation due to recessive lethal genes being carried 
by both parents (see Fig. 14). 

On the whole, inbreeding results in a merciless weeding 
out of harmful recessive genes. Populations which habitually 
inbreed have been purged. On the other hand, those which 
habitually crossbreed will not have been purged. Individuals 
in them must usually be heterozygous for harmful recessives; 
and inbreeding will, therefore, as a rule result in the emer- 
gence of the undesirable traits. The isolation of the sexes in 
distinct individuals merely prevents that closest form of 
inbreeding, self-fertilization. Since its advantage lies in pre- 
venting the emergence of harmful recessive traits, it probably 
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arose in évolutionary lines in which crossbreeding was a 
ready established and these deleterious traits were relatively 
numerous. . . 
Having now examined the consequences of an isolation 
of the sexes in distinct individuals, we may turn next n 
the mechanism by which the isolation is brought about. : 
a pair of genes determining Sex was heterozygous, one gen 
favoring maleness and its allele fav 
would, of course, segregate at meiosis. 
cells, carrying one or the other, 
female. To our diagram ( 


such a gene pair, X fay 
(maleness), 


oring femaleness, they 

The resulting haploid 
would then be either male or 
Fig. 39, P- 139) we need only m 
oring F (femaleness), Y favoring M 
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MFZX 
MFZY 


sve] [муку]; 
At syngamy, a mal 


two genotypes will 
zygous for X and 


е gamete and a fe 
unite, and th 
Y. As w 


е 
male gamete of a 
€ zygote is again hetene 
hen other alleles interact, t 


might | : #4 
ps SAU ght be dominant over the otl 
Among protozoa, 


ale: к = there 
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is generally a blending of the two, and the dipioid phase 
is of a "mixed-sexedness." In a liverwort, Sphaerocarpus, 
however, the allele for femaleness is dominant, and hence 
the sporophyte is female. 

Maize stocks with mutant genes capable of isolating the 
sexes represent another instance of this sort. One of these 
genes, barren-stalk (ba), a recessive, suppresses the develop- 
ment of ears, that is, of the female flowers. The tassel-seed 
(Ts) mutants (there are several, either dominant or recessive) 
convert the tassels, normally male flowers, into female ones. 
Thus a race segregating for dominant tassel-seed but homo- 
zygous for barren-stalk has separate male and female plants. 
The female (Ts/4-; ba/ba) produces two kinds of gametes 
(Ts; ba and +; ba). The male (+/+; ba/ba) produces only 
gametes carrying 4-; ba. The sex of each individual of the 
next generation is then determined at syngamy by its geno- 
type, which will depend upon the kind of egg being ferti- 
lized. Using Y for the recessive male sex gene and X foi 
the dominant female sex gene (tassel-seed), we may diagram 
the situation as follows: 7 


Sex Determination at Syngamy 


The systems of sex determination we have just described 
will work efficiently only on one condition: There must be 
f such heterozygous sex genes as X and Y, 


no multiplicity O 1 
bring about the segregation of al- 


for not only does meiosis 
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leles, it also leads to the recombination of genes of m 
' pairs. Random assortment of two pairs of Bex genes к pet 
lead to four haploid combinations, or "sexes, and wit " - 
added pair the number would increase according to oui F E 
familiar formula, 2". Just such a sexual mélange seems to T 
arisen in the common black molds, many of which, apparent У, 
have quite a number of “sexes.” Only if all the үче 
ing genes were in one pair of chromosomes (and if ж 5 
‘over were also inhibited) could confusion be avoided. T in 
solution to the problem seems to have been discovered тот е 
than once, and in some of the liverworts sex chromosomes 
(carrying these sex-determining genes) can actually be ee 
tinguished. Among the pairs of chromosomes, there is uns 
made up of two different members. Sometimes one chrome 
some is a little smaller than its homologue, sometimes а 
great deal smaller, sometimes missing altogether. The hap- 


: я пай 
loid plants getting the large chromosome (commonly calle 

: а )- 
the X-chromosome) are female; those getting the little homc 
logue (the so-called Y 


11 
-chromosome), or no homologue at a^^ 
are male. 


Yet even these ste 
danger to the 
As long as 


; reatest 
ps cannot guard against the greate 

na ч е й: 
sex-determining mechanism—that of mutatio 


a single pair of genes bears the entire responsi- 
bility for the regularity of sex determination, any mutation 
of the sex alleles might be fatal. Ner would the danger be 
limited to mutation of the existing sex genes. Mutation 
might give rise even more probably to other genes also having 


at 4 e: 
a sex-determining potency. Consider the state of the tru 


1 : жаат \ : e 
breeding bisexual (dioecious) maize race we have just d 


scribed if a recessive tassel-seed mutant were also to arise in 
it and begin segregating! 

Actually the situation 
for it is not widespread. 
a step, unless a very trar 
determination in the h 


likely represents an ey 


here is of little importance to us; 
Nor is it likely that it was actually 
nsitory one, in the evolution of sex 
igher plants and animals. It most 
olutionary offshoot. Logically, how- 
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ever, its relative simplicity makes it easier for u$ to under- 
stand the more complex, yet similar, phenomena of our own 
mechanism of sex determination. 


IN MAN AND THE HIGHER ANIMALS, A COMPLEX BALANCE 
OF SEX-DETERMINING GENES IS HANDLED IN A SIMPLE 
WAY BY MEANS OF SEX CHROMOSOMES 


In the higher organisms there is a multiplicity of sex-deter- 
mining genes, apparently scattered haphazardly among the 
various chromosomes. No doubt this is a consequence of the 
random nature of the evolutionary processes affecting the 
genes and chromosomes—mutation, translocation, and so 
forth, Since each diploid individual originates through syn- 
gamy, its sex must be affected more immediately by re- 
combination than by segregation. Recombination following 
segregation, however, leads to a multiplicity of combina- 
tions, whereas two sexes are quite enough. How can this 
be avoided? " 

If we examine the chromosomies of males and females of 
some one of the higher animals, say, for example, a bug 
(Lygaeus) or a fruit fly (Drosophila) or, for that matter, a 
man, we can get an inkling of the answer. (Because Dro- 
sophila has the lowest number of chromosomes, it provides 
the simplest diagrams.), Drosophila females have four pairs 
of chromosomes, each pair made up of identical-looking 
homologues. In males, however, one of the pairs is com- 
posed of two obviously unlike mates. One of these, rodlike, 
corresponds to one of the pairs present in females; the other is 
shorter and hooked, like the letter J (Fig. 40). Following 
meiosis, all the eggs will carry similar sets of chromosomes, 
but the sperms will be of two kinds, some carrying the straight 
member of the differentiated pair (this one is the X-chromo- 
some), and others carrying the hooked member of the pair 
(this one is the Y-chromosome). Syngamy will then result in 


two sorts of individuals, determined by the type of sperm 
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Fic. 40. Chromosomes of female and male Drosophila melanogaster, aes 
and of the haploid eggs and sperms. Note that the sperms are of two kin ї 
those with an X-chromosome and those with a Y-chromosome. X-chromo 
some, solid black; Y-chromosome, shaded; other chromosomes, outline. 


taking part. Since all the eggs carry an Х-сһготоѕоте, 
sperms carrying an X-chromosome w 
two X-chromosomes. This w 
hand, a sperm carrying 
gote with an X- and a Y 
will be a male (Fig. 41) 


ill produce a zygote with 
ill be a female. On the other 
à Y-chromosome will produce a zy- 
chromosome, and such an individual 


Syngamy 


qu 


Female Male 
Diagram showin 
tions are determined 
fertilization, 


e al constitu- 

Fic. 41. g how the male and female chromosomal con "m 
К ki art 

al syngamy by the kind of sperm taking ра 


In man, too, females hav 
tution. Here the X. 
able by shape so m 
smaller than the X, 


€ an XX- and males an XY-const- 
and Y-chromosomes are not distinguish 
uch as by size. The Y is a great dea 
and is, in fact, the smallest of all the 
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forty-eight chromosomes. Because we have so mahy chromo- 
somes (and many of them are extremely tiny), trying to see 
and distinguish the X- and Y-chromosomes in a crowded 
nucleus is similar to hunting for a needle in a haystack. 
However, a number of cytologists have patiently sorted all 
the human chromosomes into pairs; and when these are ar- 
ranged in parallel rows, one for the male and one for the 
female, the XY-pair in the male is obvious enough (Fig. 42). 
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uman chromosomes paired and arranged in order 
f size. The three top rows are from male cells, the first row being from a 
cell of the germ line, the second row from a meiotic cell with homologous 
chromosomes in synapsis (hence there appears to be only the haploid num- 
ber), the third row from a somatic cell. The X- and Y-chromosome pair is 
placed at the extreme right of each row, the Y-chromosome being the ex- 
The bottom row is from a female somatic cell, no such 
Magnified about 1600 diameters. 


Fic. . The forty-eight h 


tremely small one. 
unequal pair of chromosomes being evident. 
(From Painter, after as and Swezy. Courtesy of the Journal of Heredity) 


In the fruit fly the Y-chromosome, in comparison with the 
X, is fairly large, whereas in man it is very small. In some 
bugs, such as Protenor, unlike the type previously mentioned, 
it is lacking altogether. These female bugs have two large 
X's, but the males have only one. Sex, nevertheless, is deter- 
mined in exactly the same way in these bugs as in fruit fly or 
man. Two kinds of sperms are formed, one kind carrying an 
X, the other lacking it, and hence having one less chromo- 
some in all. At syngamy, X + X yields a female; X + O, a 
male. | 

The determination of sex by a specific pair of chromosomes 


seems to parallel that which takes place in liverworts, but 
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the genetic situation is actually far different. First = J 
in the higher animals the odd chromosome, or Y, vidis 1 E 
curs only in one of the sexes, may be large or small or ара 
entirely absent without апу change in the nature of sex e 
termination. This fact is itself suggestive. Perhaps the LÀ 
chromosome has nothing to do with sex determination here: 

We can test this idea by observing those occasional melotic 
accidents when homologous chromosomes fail to disjoin. 
Such an accident, known as nondisjunction, may befall the 
X-chromosomes in the germ cells of a female, and would 
lead to two kinds of eggs. One would contain two X-chro- 
mosomes, the other none. In the normal course of events 
these would be fertilized by sperms carrying either an X- 


. G B a, e 
or a Y-chromosome. Drosophila again supplies us with th 
facts. The resulting types, as w 


in number. Neglecting for tl 
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Super-9 
Г j ster. 
Fic. 43. The effects of nondisjunction in a female Drosophila melang 
Union of kind of egg No. ı with kind of sperm No. 3 produces a thre es 
super-female, sterile; egg No. 1 with sperm No. 4 produces a normal E m 
with an extra Y-chromosome; egg No. » with sperm No. 3 produces a norm 


E i: i ae 
appearing, sterile male; egg No. 2 with sperm No. 4 yields a type without 
X-chromosome that perishes early, 
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е can see from Fig. 43, are fou 
ле moment the other chromo 
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somes, all handed down quite as usual, we can describe these 
four types by their X- and Y-chromosome constitution. The 
first has three X’s; the second, two X’s and a Y; the third, one 
X; and the fourth, a Y. Now what sex have these combina- 
tions? Two, the second and third, turn out to be perfectly 
normal-seeming females and males. In other words, two X’s 
and a Y have the same effect in determining sex as two X's 
alone, while a single X has the same effect as an X plus a Y. 
This amounts to saying that the Y-chromosome has no sex- 
determining effect. It js not truly a sex chromosome. The 
X’s are the sex chromosomes, two X’s producing a female, 


one X a male? 
These facts prov 
for determining sex, 


e the responsibility of the X-chromosome 
but the question of the number of sex 


genes the X carries still remains. Many years of experiment 
and controversy elapsed before it was shown that there was no 
single major sex gene in the X-chromosome, but that numer- 
ous well-scattered genes in it act cumulatively in determining 
sex. This fact was demonstrated by а study of the effects 
upon sex of each one of a number of short successive seg- 
ments of the X-chromosome, both in excess and in deficiency. 
Reliance upon many sex determinants rather than upon a 
single pair must frequently have proved itself good insur- 
ance against any disturbance of the system introduced by 
mutation. Combining: this advantage with that providing 
for the segregation and recombination of an entire set of 
sex genes as a unit has achieved remarkable efficiency and 
durability for this, the prevalent mode of sex determination. 

The sex genes of the X-chromosome are evidently female 
in effect. Where, then, in these diploid organisms with iso- 
lated sexes, such as the fly or man, are the male determinants? 


9 The no-X type perishes while still an egg. It is unable to take even the 
first few steps in development. Flies with three X's do somewhat better, al- 
though none too well. If their environment is optimum in every respect, as 
many as half of them may succeed in passing the perils of pupation and in 
crawling out into adulthood, sterile weaklings with all sorts of defects. (They 
are called by geneticists super-females, but that certainly cannot mean a supe- 


rior expression of feminine traits!) 
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; ? a fe 
Is the number of X-chromosomes the sole factor? sig А 
male just two doses of maleness? Or, turning it gr " iade 
man, so to speak, but half a woman? This would be 


ini nations r А ехрегі- 
way of explaining the situation Just presented. A final exp 
ment yields an answer. 


Sometimes, though ver 


T€ ion 
y rarely, of course, nondisjunctio 
will involve, besides the 


r pairs 
sex chromosomes, all other pa 


: a diploid 
Fic. 44. The Production of a triploid female through the union of a diple 
вв and a haploid Sperm (Drosophila melanogaster), 


з , s iploid 
as well. In this Way we may obtain an egg with a full diplo 
quota of chromosomes, 


carrying an X, an indivic 
kind of chromos 


y that the o 
as they are called, a 
the autosomes, as 4 
With sex deter 


re trip 
vell 
mination, 


. . LOT 
To summarize, using A to stand fo 
à haploid set or autosomes;: 
2X+e2A— о and 3X + 3A = ọ ; but 
X+2A= 3, while 3X 4 oa — super-female. 
This sug 


€sts that maleness and femaleness here depend on 
à particular balance oy ratio between genes in the X-chromo- 
some and Opposing genes in the autosomes. Since, with a 
i 0801165, a cumulation of X's (from X to 2X) 
eness toward femaleness, we can say that the 
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chromosome tend toward femaleness, and 


those of the autosomes tend toward maleness. 
This concept is further strengthened by observing what 
happens when a diploid egg. like the above, is fertilized by 
Y-chromosome instead of 


the type of sperm which carries a 

an X. The resulting individual would have two X-chromo- 
somes (plus a Ү), and three full sets of autosomes, that is, 
2X + 3A. If 3X + ЗА is a female, we might expect 2X + ЗА 
to be something less than a female; and, since the male ratio 


is 1X : 2A, we might expect 2X + 3A to be something more 
than a male. This expectation is realized in fact. The 2X + 
with some characteristics 


3A individuals are a peculiar type, 
of each sex. They are sterile intersexes. "They usually re- 


semble females somewhat more than males. 

What an ingenious system is this that determines the 
sex of a diploid individual in spite of a multiplicity of sex 
genes, simply through the segregation of chromosomes at 
meiosis and their recombination at syngamy. One particular 
pair of chromosomes has become the sexual counterpoise of ` 
all the others; and this one particular pair has further be- 
come haploid in one sex and diploid in the other. Through 
segregation, individuals haploid for this chromosome pro- 
duce two kinds of gametes; individuals diploid for it, only 
one. Hence there are produced at fertilization only two com- 
binations, the female with two such chromosomes, the male 
with only one. In Fig. 45, this system is added to the more 
fundamental sex system, upon which it is superimposed. 

In this way, then, sex is predetermined from the very in- 
stant of fertilization, along with the remainder of the hered- 
itary pattern. Away with all superstitions that by thinking 
this or doing that we can determine the sex of our yet un- 
born children! What good to hope or dream or pray? Before 
th and development ever commence, through the ran- 
dom chance of this or that sperm’s arrival first at the egg, 
the genic combination is produced which will favor the ex- 
ession of one of the two sexual potentialities. 


sex genes of the X- 


grow 


pr 
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Fic. 45. Scheme showing the sex Bene system of 
man, in which the male sex-d 
sex-determinin: 


ys homozygous, while other female а 
determining genes (X) are diploid in one sex, haploid in the other. The sy ES 
bols for the sex Benes whose effects are temporarily inhibited are placed 
parentheses, 


If we would ourselves control sex determin 


NEUE. : : d 
st learn how to distinguish the two kinds of sperms an 
then how to Separate them effectiv, 


ely. Although we may 
ultimately succeed—and there are those who claim to have 
detected a bimodal distribution of sperm size or weight—lt 
Temains as yet impossible to separate them. 

Through the mechanism of meiosis, that is, through the 
Segregation of X. and Y-chromosomes, female-producing 
Sperms carrying an X, and male-producing sperms carrying 
a Y, are formed in equal numbers. A direct result is е 
numerical €quality of the two sexes in a population. PTE 
statistics show us, however, that this equality of the sexes e 
only approximate, For every 100 girl babies born, ter 
are on the average 105 boy babies. To what can this upset 
the ratio be due? We think at once of the possibility of e 
tive mortality during the prenatal period. Perhaps gus 
girl babies die before or at birth. The doctors can tell Ч 


Т t 
ation, we mus 
fir: 


o 
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something about this. "In the United Kingdom, the pro- 
portion of male to female deaths before birth is about 150 
to 100; for still-births it is 135 to 100... - And just the same 
happens in other mammals, such as cattle." 10 Astonishing! 
Meiosis results in equal numbers of male-producing and 
female-producing sperms, more male embryos die before 
birth, more die at birth, and still there are 105 males to every 
100 females. If we take these deaths into account, there must 
be about 120 males conceived to every 100 females. “This 

‚ can only be accounted for by some advantage possessed 
by Y-bearing sperms which enables them to fertilize more 
eggs than their X-bearing brethren. Presumably the male- 


producers have greater powers of endurance than the female- 


producers and can better withstand the arduous journey up 


the uterus and oviducts. We may guess from the statistics 
that for every six male-producers only five female-producers 
get to the top of the oviduct; that six out of every eleven 
among the millions that lose themselves and perish on the 
way are female-producers." * f 
Before passing on to quite ‘another subject, one more 
word should be said about sex determination. The final type 
ve have just described is, indeed, that commonest 
among the higher animals, and it holds surpassing interest 
for us as the method whereby sex is determined in our own 
species; but it is after all only one of several. In describing 
the system, for example, it was said that one particular pair 
of chromosomes has become the sexual counterpoise of all 
the others. Now would it not seem as likely that this particu- 
lar pair should carry the male-determining as the female- 
determining gene complex? If so, the situation would be 
quite reversed, XX producing a male, and XY (or XO) a 


10 Wells, H. G., Huxley, Julian, and Wells, G. P. The Science of Life, p. 
555- Doubleday, Doran, New York, 1931. Praise need scarcely be given to 
this comprehensive attempt to provide for the layman an understanding of 
the facts and values of biology. This quotation and the following speak for 
themselves, indicating both the individual and the social points of view de- 


veloped, and the clear and appealing style. 
n Ibid, p. 557- 


which v 
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female. The sperms would then all be alike, and the свв» 
would be of two sorts, destined to become either males от ы 
males. In the long evolution of animal life, this _ 
type of sex determination has arisen several times, for ps 
characteristic of two very unlike groups, the birds, and the 
moths and butterflies. It is also to be found in some of the 
fishes, where even closely related species differ as to which 
sex is heterogametic (XY, or XO) : 

Another change in the system, perhaps of a common sort, 
has been found in the sypsy moth (Lymantria dispar). In 
this species the sexual counterpoise to the determinants in the 
sex chromosomes has been located in either the Y-chromosome 
or the cytoplasm instead of in the autosomes.!? Since the egg 
alone contributes the Y and the cytoplasm to the offspring. 
this sex determinant, F, is transmitted through the female line. 


from mother to daughter. Numerous geographical races of 
this moth can be bred together, but then produce some inter- 
sexual offspring. These intersexes are not like those of Dro- 


sophila, which resulted from nondisjunction, for they have 
a normal diploid quota of chromosomes, and are either хх 
ог ХҮ їп sex-chromosome make-up. Their intersexuality 
must therefore be due to a difference in the strengths of the sex 
determinants, Within any single race, M and F are so counter- 


poised that two M’s апа an F produce a male, but one M and 
àn F produce a female. 


: :« dietarbed 
‚ the delicate balance is distur bec 
їп their offspring, and an intersex results. Even within this 


, ка ер -eneth 
number of M’s and F's of differing strengtl 
hether 


by mutation, by recombination, or by 
some other kind of change. It is quite likely that much of the 


в А Я sim- 
1с hybrids has been produced in а s! 
onfusion w 


sterility of interspecif 
^ : is е 
2In order 10 avoid c ith the type in which the male € Е 

neticists prefer to use the symbols ZZ and ZV 

nale is heterogametic. а 

‹ . ; f the 

roblem, which we have so far epi inp Un are 

| actors not located in the chromosomes. Mery treated 

nown, and ostly among the plants. The topic can be 

better in Chap. Iv. 


me ger 
when the fen 
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ilar fashion, foy in Drosophila, too, research has Shown that 


numerous genes are responsible for the intersterility of two 


races of the same species (D. pseudoóbscura). 

In the gypsy moth the evolution of the sex-determining 
mechanism appears to be still in progress. This evolution be- 
gan with sexual bipotentiality; upon this foundation was su- 
perimposed the control of modifying genes, first, no doubt, 
simply haploid, meiotic; then came the more complex balance 
of male and female determinants and the appearance of the sex 
chromosomes, diploid in one sex, haploid in the other, which 
fix sex at syngamy, at the very beginning of the diploid phase 
of life. In the main line of evolution among animals the 
male has remained the heterogametic sex. But several times 
there has been a switch to the female, once in the evolution 
of the insects, one or more times in that of the modern bony 
fishes, and again at the time when birds diverged from the 
ancestral reptilian stock. Within each isolated population, 
alterations in the sexual mechanism have taken place so that 
interbreeding with related populations, whenever the, isola- 
tion breaks down, is more and niore restricted. Sexual isola- 
tion adds its effect to other forms of isolation, and the in- 
cipient species diverge more than ever. This we can see 
still going on in modern organisms, for the evolution of sex 
is not ended. Had it been possible for some human race, 
such as the Pygmies of. Central Africa, to maintain its isola- 
tion a few thousands of generations longer, we might perhaps 
have seen it shut off from us forever through barriers of 
intersterility more potent than those of ocean, desert, and 


jungle. 


GENES CARRIED IN THE SEX CHROMOSOMES ARE INHERITED 
IN AN EXCEPTIONAL "SEX-LINKED' FASHION 


" " 
Тһе sexual mechanism prevalent among the higher ani- 


mals has important consequences in the hereditary pattern, 


consequences we should not overlook. These result from the 
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inheritance of genes, other than those affecting sex, in = 
sex chromosomes—and we may include the Y-chromosome, 
nA in the X-chromosome are "sex-linked." This Ew 
not mean that they are limited to a particular sex, but ns 
they follow the X in its distribution, This is not cn id 
peculiarity. There is another, a unique thing to be ta 
into consideration. їйє 
Most of the genes in the X-chromosome have no a 
in the Y-chromosome. In fact, if we may generalize from 
what we know is true in the fruit fly, there are very few genes 
of any sort in the Y-chromosome. It is little more Spat 
dummy! The genes in the X-chromosome of the XY ma e 
ате consequently haploid, and dominants and recessives alike 
Will exert their effect without modification by alleles. 
Although our X-chromosomes are by no means the largest 
we have (they come about two thirds of the way down SEE 
scale of size among our twenty-four pairs; see Fig. 42), more 
human genes have been detected in the X than in all the rest 
combined. This, of course, is not because the X has more 
genes, but because its haploid condition in males and the 


mophilia. Although hemophilia has 
ause of its notorious pres 
of Bourbon in Spain and 
it affords а poor example, айн у 
of affected women have ever been reporte > 
use the female environment prevents its zi 
€ more typica] behavior of color blindness will, 


probably beca 


f 
m o 
14 It was through the desperate efforts 9f the Czarina to find some E. utin 
relief for the chronic bleeding of her son, the Czarevitch, that рше 
Came into power. His evil influence was а factor of importance in t 


м E con- 
break ОЁ the Russian Revolution, Thus the gene for hemophilia has 
siderable historical importance! 
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“A color-blind male transmits his defect only to his p 
sons through his daughters, never to his sons, ot 3 ке 
blind mother, even though her husband is of nor ша Ы ie 
always transmits her defect to all her sons. This is Sea | 
the mode of transmission of the X chromosome in niar 2 
à sex-determining X chromosome bearing the genes for теп 
traits had to be assumed to explain this type of heredity е 
before it was discovered under the microscope.” a m— 

Drosophila has at least one gene located in its Y-chro 
some, and it is possible that a few 
cated in this minuscule chromosom j жү 
ing question. How would such genes be inherited: “eae 
they form a completely independent, though small, ie T 
group limited to the male? Or do genes in the Y-chromoso “i 
have alleles in the X with which they can, at least ee j 
ally, exchange places? For, though most of the genes of on 
X have no alleles in the Y, this is no assurance that the fev 
genes of the y might not have alleles in the óc ptam" 
The situation was long assumed to be the former, and A 
examples of “sex-limited” inheritance were attributed y 
cation of the responsible genes in the Y-chromosome. by 
limited traits in vertebrates are, however, brought about А 
another means, and more careful investigation of the = 
known case, the “bobbed-bristle” gene of the fruit fly, а 
shown that it, indeed, has an allele in the X, and that $ 
crosses over with it occasionally. In fact, it is now clear E 
almost one half of the X-chromosome of Drosophila is, 21 
ihe X, practically empty of genes, and the allele at pee 
-bristle Sene lies in this portion.^ The main m Е 
containing part is stuck on to this “empty” portion as an к 

15 Dunn, L, С. Heredity and yay, University күнө Жа the 
York, 1934. This Short book is by far the best treatment of the subject 


А x x ; reada 
lay reader which has yet appeared. It succeeds eminently in being т 


ior values 
А Par i i mj wa 

in avoiding unnecessary technicalities, and in dealing with the maj 

of an understanding of genetics, 


16 The Y-chromosome of the fruit fl 
(whether or not they are comparable to 
essential to the fertility of the male. 


of our genes, too, are ч 
е. This raises an interes 


ialion, p. ga. 


rate "factors 
у also carries, two See КАПЫ are 
other genes cannot be said) 
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pendage. The true relation between the X- and "Y-chromo- 
somes is that of a potent sex-determining fragment, carrying 
also many other genes, attached to one of a pair of singularly 
empty chromosomes (Fig. 48). This explains why the appar- 


2:0 Xe 


Es 


Fic, 48. Diagram showing (in white) the portion of the X-chromosome of 
Drosophila that is homologous to the Y-chromosome. ‘The normal Y is to 


the right. 


X and Y act as a pair and regularly segregate 
in meiosis. Recently a new significance has been attached to 
the Y and various other parts of certain chromosomes which 
seem to be empty of genes. Although these parts of the 
chromosomes do not carry genes like the rest, nevertheless, 
their importance may be considerable. For we now know 
that the action of many genes, their dominance, or their 
mode of expression may be modified by their position with 
“inert” material within the same chromosome. 

This is by no means the whole story of the development 
and significance of sex, but its place in the hereditary pattern 
of an individual at life’s outset is sufficiently clear without 
further discussion. The grand cycle of meiosis and syngamy 
redistributes the mutations of the ancestors in ever varying 
combinations, some good, some not so good, to their offspring; 
and through natural selection they are then weeded out. 
Thus is produced the fitness of life-forms for their environ- 
ment. Thus, too, through constantly arising mutations there 
enters each stock a flow of new variation through Which is 
preserved that adaptability of life-forms so essential to sur- 
vival in a changing world. All this is the matter of evolution, 


ently dissimilar 


respect to such 
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which would require another book to treat as fully as it 
deserves. . " 
Through the situation of the genes in organized ya, 
the chromosomes, which form the basic units of meiosis "ire 
syngamy, there arises the inheritance of traits in рз 
phenomenon of linkage. And, through crossing over, ie a 
itations set by linkage upon variety in hereditary at al 
overcome, the unit in the pattern becomes the ue e 
gene instead of the chromosome, and the possibilities of 1 
combination soar into the infinite. 5. н 
Finally, there is the phenomenon of sex = ang ae NOME R 
its secondary effects, such assex-linked'inheritance. Basic ME x 
sexual bipotentiality of every cell and organism. Superia 
‚ posed upon this is genic control of the time of sex d 
nation, bringing as its by-product—significantly for unc 
isolation of the sexes. Last comes sex determination for pe 
diploid organism achieved potentially by segregation anc 
realized at the moment of syngamy—the balance of sex genes 
inclining one way toward femaleness, the other toward male- 
ness, 
How sex is realized is a p 
Which we are now ready to 


various features of the епу 


animals, Play so profound 
i 


art of the story of ae 
Survey. During development t ^ 
ironment may even, in the d 
à part that the predetermined e 

ly reversed, This is true not pra 
her element of the hereditary pa 

ach gene or gene complex is ue 
ironment. Our hereditary pq. 
umulated hereditary control of 7 
of our environment. That contro 


s rselves 
nd our environment; we ourse 
are the arena i ich the contest is played to its close. 


CHAPTER IV 


The Basis of Growth and Development 


[ДЕР all life-processes, growth and development consist es- 
sentially of controlled chemical and physical transfor- 
This is really but another way of stating 
our fundamental axiom that all the characteristics of an or- 
ganism are produced by the interaction of its heredity and its 
environment—that the two can-never be divorced. For the 
controls of these processes are such that every organism re- 
sembles its parents, and in this lies heredity; while the chem- 
ical and physical transformations of matter can také place 
only where conditions are appropriate—and this is the action 
of the environment. 

Even the autocatalysis of the genes cannot occur except 
where raw materials and energy are supplied. The cyto- 
plasm of the cell represents their necessary environment. Nor 
can a human cell live successfully apart from the balanced 
environment of the body, with its checks and controls against 
sudden or extreme fluctuations of a chemical or physical char- 
acter—unless in a skillfully simulated duplication of it. As 
development proceeds, our cells acquire different forms and 
become suited to carry on different types of work, according 
to their situation and relations to the rest of the organism 
and the outer world, but also according to their own innate 
capacities. Life and environment are no more separable on 
this level of existence than on any higher plane.t 

1 $ее Sears, Р. В. Life and Environment. Bureau of Publications, Teachers 


College, Columbia University, New York, 1939- 
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mations of matter. 
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A certain breed of rabbits lays up white fat on a diet - 
mash and potatoes, yellow fat on a diet of mash with ae 
stuffs. But most rabbits lay up white fat on either kin € 
diet. Considering only the first kind of rabbit, the woe 
in environment seems to be the decisive factor. But with bot Р 
kinds of rabbits fed on green food it is the genetic constitu- 
tion that obviously makes the difference. We can a 
the effects of heredity on the one hand, and environment Or 
the other, only when we isolate one through neutralizing ше 
effect of the other, that is, when we render it constant. Here- 
tofore we have discussed the effects of heredity while assum- 
ing that environment was constant. In Chapter V we shall do 


А NO 
the opposite. For the present, we must try to relate the tv 
to each other. 


Growth and development involve the 
similation of materials. 
all protoplasm— 
sists of water, 
of organization 


absorption and a 
This is mainly water, for the bulk O 
two thirds of the body weight in man-—con 
But the characteristic sizes, shapes, and types 
assumed by developing organisms are gave 
ously not a simple matter of the imbibition of water or the 
absorption of other simple substances, such as salts, howevel 
essential these may be. Growth and development involve z 
increase in volume and a change in character of a colloida 


evelopment differ markedly el 
primary metabolic processes, — 
nd fermentation. The latter аге кш 
easing, while the former are constru 

€ energy.? f di- 
se syntheses are the products OF | dis 
protein digestion, the amino ac! n- 
both carbohydrates and fats are SY : 
too; yet this is merely laying UP 


? This contrast is wh 


(os 
: ivides metab 
at the biologist has in mind when he divides 

m into catabolic an 


lis d anabolic phases, 


GROWTH AND DEVELOPMENT 165 


reserve food supply, and consists principally of» producing 
insoluble foodstuffs from soluble ones. Aside from water, the 
great mass of the living matter, the protoplasm itself, is 
mainly protein, along with various complex phospholipins 
and sterols. The syntheses of proteins are substantially simi- 
lar to those of fats and carbohydrates, for all represent a re- 


versal of the hydrolysis which splits larger molecules into 


smaller ones during digestion. The splitting action of water 


molecules (H-O-H) depends upon the addition of a hydro- 
gen atom to one portion of the molecule to be digested, and 
a hydroxyl (OH) group to the other, with a consequent sepa- 
ration at the connecting bond. Conversely, synthesis mainly 
involves dehydration. A hydrogen atom from one amino acid 
unit and a hydroxyl group from another are removed to 
make a molecule of water, and the units are bonded together 


at the points of loss. 
The distinguishing char 
presence of both an amino group 


CC) 


group 


acteristic of an amino acid is the 


and an organic acid (carboxyl) 
сео 
NOE 


in the molecule. The dehydration synthesis of proteins from 
amino acids proceeds through a loss of a hydrogen atom from 
the amino group and a loss of a hydroxyl group from the acid 
group (these combine to make water), and a resultant bond- 
ing of the amino and acid groups of the two units. This we 
can diagram simply, if we let R stand for the bulk of each 
amino acid. The hydrogen atom and hydroxyl group that 
come out and the water they combine to make are each itali- 
cized for identification. Then: 
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The double group thus obtained still has an amino eE 
on one end and an acid group on the other. This enab Ed 
it, like any simple amino, acid, to enter into further eap 
binations, until finally thousands and tens of thousands О 
such units may be combined into the huge protein group- 
ings. 

Hydrolysis releases energy; 


Е n- 
but in very small amounts cot 
pared with those obtainable 


from oxidations or even on 
fermentations. The converse synthesis requires energy, bu à 
only to a Corresponding degree, Growth is consequently j 
very economical process, one which consumes but little " 
our available energy. The limiting factor in the growth 9 
malnourished and half-starved individuals is to be found in 
the lack of particular foodstuffs which are essential for n 
tain syntheses rather than in a generally inadequate supp*y 


"e i : in in- 
of energy. This is a consideration of very great value in i: 
dicating the direction we should take in planning the sa 
factory diet. 


Water, to be Sure, will neither split large molecules = 
bond smaller ones into larger, unless the reaction is : m 
lyzed. Whether we are digesting or, conversely, ise 
new proteins, enzymes are required; and presumably the p ^ 
acteristic nature of human proteins, the product of the 5Y 


ә 
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ecificity of the enzymes ‘controlling 


them, Let us, for example, imagine ourselves sitting down to 
a sizzling beefsteak. It is composed of proteins of specific 


kinds, recognizable, as definite beef proteins. We eat our 
steak, digest it step by step into its component amino acids. 
It is then absorbed and carried by the blood to our cells. 

Proteins are to be recon- 


Here begins the task of synthesis. 
structed from these amino acids. Enzymes for the dehydra- 
tion syntheses are produced, and unit by unit the proteins 


are built up. When all is complete, however, the proteins 


are not beef proteins, but characteristic human proteins. 
Here are the same units, by 


it combined in different propor- 
tions, in different arrangements! 


We might go so far as to 
say that we differ from the cow because we have different 
proteins. 


Different protein 
terns, controlled by different enz 


why should human cells produce dis 
of enzymes and beef cells distinctively beef groups^of en- 


zymes? The distinction is clearly а hereditary one. Parents 
produce offspring of their own kind because mitosis ensures 
a lineal descent of genes. The action of the genes must con- 
stitute a control over the cytoplasmic production of enzymes 
and the simpler constituents which are the precursors of the 
ultimate products. 
Growth and development primarily involve specific chemi- 
. cal syntheses, which depend on specific enzymes and precursors, 
which in turn depend on characteristic genes, which are inher- 
ited. We need, then, to learn how genes interact with one 
another, and how they control the production of secondary 
substances, if we are to arrive at an understanding of this 
aspect of life. Growth and development are secondarily mat- 
ters of differentiation within an individual, the appéarance of 
distinctive form and structure through the specialization of 
s, the emergence of a “division of labor." This chapter 


theses, is due’ to Ше -sp 


s in turn imply different synthetic pat- 
ymes and precursors. Now 
tinctively human groups 


cell 
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is, therefore, divided into two mai 


п sections, the first of which 
deals with 


gene and enzyme interactions, 


GENES INTERACT TO PRODUCE TRAITS 


In Chapter II there was described 
interaction, that of alleles. These, we 
their effects, or one allele ma 
other, recessive allele. All too с 
conception which limits gene interaction to alleles, On the 
contrary, many, if not most, genes affect a variety of traits, 


and there need be little reserve in asserting that all traits are 
the product of the interaction of a number of genes. 


à certain kind of gene 
learned, may blend in 
у completely dominate the 
ommon, however, is the mis- 


Most genes produce a number of effects 


We have taken the gene which is responsible for albinism 
mber of times, It may serve again. In 
the first place, it is not limited in + 


effect to an absence of 
he body. It has also a 
pon the dispositio 
i are far gentler 
bs of the same 
: ER enerally preferred as pets. An 
albino Tat is mild an ious. It can be held in the hand, 


5, Of losses of pi 
S аге so small t} 
€ gene Yet th 
not lethal whey 


of these losse. 
only a sing! ere are relatively few deficiencies 
Which are 


1 homozygous in the individual. 
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Most of them, in fact, are lethal even to single homozygous 
cells, though these cells may be surrounded by viable (hetero- 
zygous) tissues. These facts point to actions of the genes 
far more vital than any mere alteration of pigment or de- 
termination of hair or bristle form. Most genes are essential 
to the life-processes of each individual cell. The effects we 


commonly observe are only superficial. 


Most traits involve the interaction 


of a number of genes 
The difference between our two common еуе colors, brown 
and blue, is due to a single pair of alleles (В, b). The heter- 


Ozygous combination, B/b, is a blend, variously known as 
gray or hazel, with the brown usually predominating over the 
blue. But eye color is not solely determined by this pair of 


genes, We have already learned that when the genotype of 
an individual is homozygous for the “albino” gene (a), there 
the red of the hemo- 


is no pigment in the iris of the eye, and 
pink. In an albino the 


globin in the blood makes it appear 1 
Benotype must include the other pair of genes, too, for all 
pairs are normally represented, put here this second pair fails 
to produce any effect. If, however: the genotype, as respects 
the albino gene, is 4/4 ог A/a, then the eye color is fixed 
by the genotype of the second pair, B/B, B/b, or b/b. Why 


15 this? и | 

If we consider the chain of chemical syntheses leading up 
to the final production of pigment in the eye, it will become 
clear that the genes which control earlier steps 1n the chain 
Will exert such influence that they may alter or nullify the 
action of genes controlling later steps- They possess a marked 
Precedence (epistasis) over them. In fact, Just as we may shape 
and bake a lump of dough in vays, but without 
dough can bake no bread, so here the genes producing brown 
ог blue color in the iris only alter a substance already pro- 
vided, and in its absence can йо nothing. Figure 49 1s a sim- 
ple diagram to illustrate the situation. 


various V 
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This by no means completely describes the gt ба 
hazel phenotype is extremely variable = p cna e 
apparent brown), and this in {шц Tests Ыы 
still other gene pairs, so-called modifiers. 


An example lie 
find it in another end- i 


bino-albino pair of 
i s 
» while the later-acting gene 


een individuals, each h 
), will result in 


4A Mating betw 
of genes (A/a;B/b 
Phenotypic ratio expected from a dihybrid cross, ‚ре 
9:3: 4, since th i geny having the eae 
a/a will be albino, he Senotype of the other pair. Whe 


4 ive, inhibits the ex- 
2 primary pair, rather than the recessive, inhibits t 
Pression of the Secondary pair (wi 


Sela osi- 
© may visualize this by switching the p 
tions of а/а and B in Fig. 49), then the ratio becomes 12 
а/а 
їп dogs, is the interaction ofa primary 
ment) with a Secondary Pair (black 
ОЁ 12 white > 3 black 5, brown. Mo 


: 3:1. Such, 


раїт (по Pigment in hair een ve 
versus brown), which gives an не. 
теоуег, a pair itself like the доп; 

* precedence of a dominant inhibi cain 
or in White Leghorns is due to the latter, Y ШЙ 
it is due to a recessive. In the Е, from a cross Бе! 


uite 
* 3 colored are obtained. Precedence шау thus produce q 
а Variety of results, 
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are limited in expression to a portion of the organism, such 


as the eye, or the skin.) The final reaction appears to be 


catalyzed by two pairs of genes, the alleles in each of which 


blend, while each pair is exactly comparable in effect to the 
other. We may denote the genes producing heavy deposits 
their respective alleles, which 


of melanin as $ and Т, and 
as s and /; and then diagram as 


produce only slight deposits, 
before (Fig. 50): 


pyre 
sr 
35; 7 ну ке" 


4 As; T 
БИС к 3 ше д tto 
uw 3 
F4 HZ e Brunette 


Albino White 


to the production of skin pigment. 


“1G. 50. The chain-reaction leading 
Sce Fig. 49. 


Ж 


f interaction we find here, 


As a consequence of the type о | 
hite will always pro- 


it follows that a mating of black and w. 
duce mulattoes, a very uniform class; for: 


s/s;t/t parents 


S/S;T/T oy 
Meiosis’ 
gametes 
Syngamy 
S/s;T/t 


A mating between mulattoes of this genotype results in a 
in fact, quite confounding 


Way surprising to most of us, А 
Many of our preconceived opinions, as the following diagram 
shows: 
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S/s; F/t x S/s;T/t parents 
Meiosis 

S;T (S:0:7)(:0) (S;T) Sit DDD gametes 
Syngamy 


S;T S;t SeT s;t 


T St & T. Sit 
TP sige [ope |i M 
d [Б JE t Black (B) —1 
ке S M Sr M Sit Br Chocolate (C) —4 
Mulatto as 
M St ST st Brunette (Вг) —4 
TO |утМ | eM) твт] pne (w)—1 
T St s'T st 
CM sp Brel sp Br |t w 
eee | 


Mulattoes may have completely black or completely white 


children! In fact, the €xpectation for either of these is quite 
high, 1 in 16.5 Moreover, these €xtreme types are both ho- 
mozygous, and, therefore, not only appear pure black and 
pure white, but will breed as pure black or pure white, re- 

i T cry this is from the common belief 
Те permanently contaminates the her- 
dant! With this, example we begin to 
hat inciple really signifies. Because 
heredity 15 due its, genes, which segregate and re- 
generation without themselves be- 
v that segregants such as these pure 
will emerge from hybrid matings. 


TL, who has studied the matter most thor- 
з are inclined to think that more than two 


and straight y 
a single pair of genes. 
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"These segregants, insofar as these two particular pairs of 


genes are concerned, inherit from only two of their four 


grandparents. 

In our own country, a large par 
going on comes from matings O 
mulatto types. This, in contrast to mu 
ings, results in a greater proportion etw 
an increase in the brunettes, who are frequently light enough 


to pass as white, and often do. 


t of the racial intermixture 
f white with brunette or 
latto by mulatto mat- 
hite segregants and 


(à) S/s;T/t X  sfsit/t Q) S/sut X siut 


Meiosis 
gametes (S;:96:9 
Syngamy Syngamy 
t oy mulatto ( — 4 S/s;t/t brunette 
i 5/$ A T AP lerem SUD 4 s/s;t/t white 


The gradual infusion of white “blood” into our American 
Negro stock is, of course, recognized ‘by everyone, but not 
€veryone has been equally ready to see the impracticability 


of treating the pure white segregants of hybridization as 
of the problem is to be 


blacks. A more poignant expression 5 
found in the personal difficulties of the pure white segregants 


i ili 6 
Who are reared in mulatto families. 
at there are other 


It is, of course, true th 
besides blackness of skin, yet these are few am » 
There is a dominant gene for kinky hair, and a pair or two 
for facial features. In all, it is unlikely that there are many 
More than six pairs of genes in which the white race differs 


Characteristically in the lay sense, from the black. Whites 
| ionably often differ among them- 


о 
т blacks, however, unquest! 3 
this, a fact which reveals our 


se 
lves by a larger number than 
ed in the T "Imitation of Life," which 


negroid traits 
in number. 


6 " 
a These were excellently portray novice 
Ppeared in 1935. 
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racial prejudices as biologically absurd. It is d d 
sistency of the difference, not its SQUAD " " Е 
large in our eyes. Differences between other Ee | pei a 
ably even less, and those between such pica Tu id 
“Nordics” and “Mediterraneans” аге negligible. The chas 


] T is | 10- 
between human races and peoples, where it exists, is рус! 
logical and sociological; it is not genetic! 


Ta Е iias 
The interaction of gene pars in the manner just illu 


trated by those for skin color may be E 
since the alleles of the two pairs are equivalent in effect ps 
additive in action. A slightly different cumulative result o á 
tains whenever the alleles in each pair are dominant and reces- 
sive. In Duroc-Jersey hogs, for example, the typical red color 
results from an additive effect of two dominants, each be- 
longing to a different pair, and either alone pjoducmg a 
sandy color, while the double recessive is white, By са 
to the checkerboard diagram (p. 172), we can figure out tha 
there would be an F, ratio of g red : 6 sandy : 1 white. 
Somewhat more frequent, are instances in which the dom- 
inants produce an equivalent, but not an additive, Ed 
Thus they are duplicates of one another, and only 1/16 9 
the F, progeny will express the recessive trait; that is, the 
expected ratio is 15 : 1. Feathered shanks in poultry and е 
typical triangular, rather than ovoid, seed capsules of th 
world’s most widely distributed Weed, shepherd's purse 
(Bursa), are inherited as just such duplicate dominants. 
Finally, there are instances in which either dominant 
alone is ineffective, and the trait is produced only by thei 


: E Зр 15 
interaction. Normal hearing in man appears to be of th 
class, Judging from 


i 4 n- 
а number of pedigrees; while the ат 
trasting trait, deaf-mutism, is the consequence of the absence 


le (D or E). Two deaf-mute parents ме, 
thus have all deaf-mute children, or no deaf-mute children, 


depending upon whether their own deafness is due to the ae 
Sence of the same dominant, or of different dominants, resp 3 
tively ( and (г) D/D;e/e X d/d;E/E- 


either dominant alle 


1) D/D;e/e x D/D;e/e 
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This could not be the case were deaf-mutism due со either a 
dominant or a recessive single gene. Many other examples 
of this type are known, especially among plants. The 9 : 7 
ratio? which is produced in the F, by such a “complemen- 
tary” interaction was first discovered in the flower color of 
the sweet pea, in the early days of genetics (1900-1910). The 
characteristic purple color of the petals comes from a pig- 
ment (an anthocyanin) which is synthesized from two com- 
ponents. Each of the dominant alleles of the two pairs of 
genes concerned is essential for the production of a particular 


R 
ne of these components.* 


Quantitative variation, insofar as il is genetic, 


ae E . 
lepends upon the cumulative action 

of multiple factors 

nd we can see that the traits we 


have hitherto used as examples ате qualitative; they are not 
continuous variations, like height or weight, along a quanti- 
tative scale. Yet we worry principally over the latter sort 
When we wonder about our normality. Are we too tall or 
too short? Are we too fat or too thin; overweight or under- 
Weight; healthy or sickly; intelligent or stupid? These char- 
acteristics are extreme variants in continuous distributions 
Which have an average. „Ате We sufficiently near this average 
to be normal? Perhaps all of us have at some time doubted. 


A rude indication of continuous quantitative variation 15, 
example which showed 


r a 

ша already apparent in the à howe 

OW two pairs of genes act cumulatively to determine skin pig- 

Mentation; indeed, we may even discern it in simple blend- 
; 

] carry both dominants; 3/16 will carry 


the fi 6 will be just the reverse; 
rst domi d; another 3/1 just d 
minant but not the secon ETE the classes with only one 


a 

ud 1/16 will carry no dominants. д м 

Ominant or with none is 7/16. (See checkerboard diagram, p. 172) 

8 The "throwbacks" and “reversions” of the breeders may be due merely 
to the homozygous reappearance of а recessive trait. Опе other hand, 
they are РЕР PP examples of the reunion in one individual 

y ше ер jn different stocks. 


о 
complementary factors long isolate 


A moment's reflection, а 


т 3 ^ 
That is, 9/16 of the offspring wil 
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ing, as in the pink four o’clocks, for example. For, if we dia- 
gram the relative frequencies of the various classes, we obtain 
p . . кае А 
а figure highest in the middle and falling off symmetrically 


on either side—that is, with the most abundant class the in- 
termediate one (Figs. 51, 52). 


Fic. 51. Block diagram and frequency curve to illustrate the quantitative 
distribution of phenotypes in the F, generation from the cross of red by 
white four o'clocks. 


In Figs. 51 and 52 the area above each unit 
line represents the relative fre 
These block-shaped figures ma 
of curves superimposed by co 
joining classes, and this make: 
tributions at a glance. 


along the base 
quency of the respective class. 
y also be expressed in the form 
nnecting the midpoints of ad- 
$ it easier to compare the dis- 


EM 
e, 


LN 
| Brack [Chocolate шаи |Bruette| write | 


Fic. 52. Block diagram and fre 


Я = ; of 
quency curve to illustrate the frequency 
the various phenotypes among t 


he offspring of mulattoes. 


Were we to plot the results in the F, generation from a hy- 
brid mating involving three pairs interacting in this same 
cumulative fashion, we would get phenotypic classes in the 
Tatio 1: 6 : 15 : go ; 15 : 6 : 1. A mathematician would 
quickly see that each of these three ratios is an expansion of 
the expression (a + b)", where n is, respectively, 2, 4, and 6. 
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(This is known as the Binomial Expression, and its expan- 
sion to any power forms a binomial distribution.) Once we 
realize that these ratios are all expansions of the same simple 
expression to various powers, we can calculate the binomial 
distribution—in other words, the phenotypic ratio—for any 
number of pairs of interacting genes. If we do this, we find 
that as n increases—as more and more pairs of genes are con- 


cerned—our distribution approximates ever more closely the 


bell-shaped curve in Fig. 53. This curve, therefore, expresses 


rived from the expa 


Fic T 
@ * 53. The normal frequency curve derived Iro Pg 
+ бую, corresponding to the frequency distribution of a characteristic 


determi | 3 
termined by twenty pairs of interacting genes. 
iting any degree of a quan- 


t many genes. 
aphically and 


the normal probability of inher 
tative trait determined by а grea 

The normal frequency curve expresses gn 6 
Concisely what is really meant by “being normal.” Only a 
frequency distribution itself can truly be normal. Wherever 
we Set limits, on either side of the distribution's mean,’ lim- 
its within which lie the “normal” and beyond which the “ab- 
normal” commences, we are necessarily arbitrary. For, 


Whether the variation in the distribution is due to the ran- 

? The i 4 ical “average.” It is-found b 
: mean ; used arithmetical average, то y 

adding the dada Nan fat the individuals in a distribution, and 

мар by their number. If the individuals are grouped into classes, the 

sean becomes EfV'/n where у stands for summation, f is a class frequency 
"d Р its value, n being the total number of individuals. 
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dom segregation and recombination of many pairs of genes, 
or to chance environmental factors, or, as is most likely, to 
both, in any case the extreme deviations from the average 
are normally to be expected in their due proportions. It is 
no more just to speak of an extremely tall or extremely 
stupid person as abnormal than it is to think of brown skin 
as normal and black skin or white skin as abnormal. The 


latter are simply extremes in a rather discontinuous distribu- 
tion, while tallness and shortness, m 


extremes in continuous ones, 

Nevertheless, there are individuals who appear to lie en- 
tirely outside the continuous normal distribution—a person 
nine feet tall or one weighing 450 pounds. There are groups, 
too, which seem to form secondary normal frequency distri- 
butions alongside the major one, so that a bimodal !? curve 
is produced. There are, for instance, the midgets in the 


height distribution and the imbeciles, idiots, and feeble- 
minded in that for intelligenc 


which is due to the effect 
netic or environmental, 
secondary groups. 


becomes impossible to say offhand to which one any par- 
ticular individual from the overlapping region belongs. Is 
a short man? Only a careful 
» childhood diet, and health 
which of two normal distribu- 
mal,” he belongs. 

factor acts infrequently, the rare 
and alone or are unrecognizably 
he normal distribution. Here 
ту. Yet we can at least set the 
on so that there is but a negli- 
ng outside them is actually an 


oronity and genius, are 


we cannot help but be arbitra 
limits of the normal distributi 
gible chance that anyone falli 


The mode of a distribution is simply the point (or class) of highest 
frequency, When a distr 


ibution has two such “peaks,” separated by 4 
"valley," it is said to be bimodal, 
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extreme variant of the major group. Even the most extreme 
5 per cent of the distribution is not a negligible portion, for, 
With respect to each quantitative trait, one individual in 
every twenty would on this basis be classed as "abnormal." 
Scientists, with customary caution, usually set the thresholds 
of significant, that is, of non-random, deviation from the aver- 
age where only 0.13 per cent of the distribution lies beyond 
them at each extreme.? This means that only one individual 


1n 400 will be erroneously regarded as “abnormal” when he 


15 really only an extreme variant of the random variation 


Characteristic of the group. 

When individuals of the second generation from any cross 
between extremes which differ because of “multiple factors" 
аге bred together, there isa slight but definite probability that 
апу single one of the offspring will be as extreme as either par- 
ent. There is an overwhelmingly greater likelihood that an 
individual will be intermediate—“average.” Now within 
large mixed populations such as ours, most individuals will 

e heterozygous for the majority of whatever multiple factors 
are involved. That is, most of us are like the first-generation 
offspring of extremes. For this reason we can expect the chil- 


аса ОЁ average couples among us to correspond to the prob- 
abilities of the curve for all such traits as height, weight, men- 


tality, general vigor, and resistance to disease, insofar as these 


are inherited. а 


up; 
the This proportion of the area of the norm Ша 
са] Standard way of measuring the variability Tih Jae ТӨ 
, Culating the standard. deviation (о). n is the sq 
of the squares of all (f) deviations (d) fro 


nu LPS 
mber of individuals (n) in the distribution (c 
f the mean, includes 68.26 per cent 
the area of the normal curve, and + 30 includes es per орша 
whe l statistical measures to the scientist, Who 15 E ТА D DN MI 
ether a certain difference he observes 15 probably ee, it БЫ Б un m 
e er Significance. To be sure, the choice of + 30 15 he а a 
nce is arbitrary—but it is conservative and consistent. e e with 
Most or our Tudzsienisrs i5 the significance of differences we see is just 


tha k 
t they lack these two qualities. 


normal curve is determined from 
normal distribution, by 
ot of the sum 


m the mean, divided by the 


12 


. The standard 
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In the development of all such general characteristics as 
these, environment too plays a large part. Its influence may 
even preponderate in many instances. For example, while the 
variability in height within the Japanese nation and within 
our own is probably by and large genetic, recent observations 
show that at least a very considerable part of the average dif- 
ference in stature between Japanese and Americans is a re- 
sult of the relatively deficient Japanese diet. This is sub- 
stantiated by the fact that our own people have been gaining 
in stature, generation by generation, and children of immi- 
grants, especially, tend to be taller than their parents. The 
whole question of the relative importance of heredity and 
environment is so vast and significant for our thinking that 
we shall return to it for fuller consideration at the end of 
this chapter. Meanwhile let us see what is understood about 


the way in which the genes control the production of traits, 


that is, how they regulate the characteristics of the internal 
environment, 


THE PRODUCTS OF GENES INTERACT IN THE CYTOPLASM 

ironment of the genes. From 
pstances; to its conditions they 
effects this community of repro- 
8 about in the organism must be 
ication of their immediate environ- 


ment. In this respect the society of the genes strictly resem- 
bles our own, 


Perhaps these considerations border on the obv 
It is just here that 


istry has made en 
know little about 
the final productio 


. 7, 
ious. Yet 
A ; 1- 
our Ignorance is most abysmal. Biochem 
Бу. ж А ге 
ormous strides in the past century, yet W 


Ec: i : ing to 
the intricate series of reactions leading 
n of even a single trait. 


It is certain, however, that many genes are limited in ы 
effects to the cell in which they lie. There are two ways О 
В . s » os 1 r 
testing this. One is to study the effects of nondisjunction © 
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crossing over in body cells. Either of these rather infrequent 
cee es dium т a cell homozygous for a recessive gene 
eR С 
{ е no different from 

the neighboring cells if its traits depend upon diffusible or 
circulating substances. If, on the other hand, the gene prod- 
ucts’ are confined to the cell in which they are manu- 
factured, the homozygous group of cells would differ from 
the surrounding heterozygous cells and form a distinctive 
spot. In the fruit fly a large number of genes have been 
tested in this way, and of them all only two or three appear 
to involve the production of diffusible substances. In plants, 
100, variegation in flowers, leaves, or seeds is very frequent. 
While hormones are, no doubt, much more important in 
vertebrate development than in that of insects, there is some 
еше of mosaicism even among the vertebrates. Many of us 
= cde people with differently pigmented sectors of the iris 
ith eyes of different color. A few years ago the illustrated 
Papers featured a child whose head showed a sharp diyision 
exactly down the middle, with brunette complexion, dark 
e on one side, and blond complexion, 
This lad in a way 
which result most 
osome in one of the 
These oddities 
and sex-linked 


hair, and brown ey 
шлу hair, and а blue eye on the other. 
mna the insect gynandromorphs, 
first у from the loss of a sex chrom 
è vo cells formed quring development. 
SES male on one side and female on the other, 
recessive traits show up on the male side. 
The other experimental method of testing the autonomy 
ОЁ genes within their own cells is through the technique of 
transplantation. Genetic research in America was still young 


whe А . К 

hen experimenters at Harvard University (W. E. Castle 
n which this is brought about, see A. H. 
4n. Introduction to Genetics, рр. 344-947 
). This textbook is most highly recom- 


RE А 
Cae an account of the way ! 
OU RE and С. М. Beadle, 2 

- B. Sau Phi ii 
mended, nders, Philadelphia, 1939 

13 Н A 
© This can be taken to mean either substances directly produced by the 
Hus or those produced in the cytoplasm as an indirect result of the gene's 

Straction of substances from it and its consequent alteration. 
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and J. C. Phillips) tried removing the ovaries of an albino 
guinea pig and implanting those from a black female in their 
stead. The operation succeeded, the female was mated to 
an albino male and had six young—all black! This showed 
that the dominant genes for black coat present in the im- 
planted ovaries had not been altered. No doubt this was to 
be expected, since the genes in the implanted ovaries and, 
subsequently, in the “black” embryos were not exposed to 
any more radical influences than are usual for embryos. And 
embryos, although exposed to the maternal environment, in 
most cases develop according to their own genotypes, not 
their mother’s. 

Rudiments of the adult eye may be transplanted from a 
fly larva into the abdominal cavity of another larva. They 
will then develop into complete eyes, pigment and all, ex- 
cept that they will be inside out. This technique provides a 


nes for eye characters are 
ing eyebuds of one geno- 
a different genotype. The results fully 
ined by the other method. Of all the 
acters tested, only two ever showed any 
st upon the implant. 

plantations from one species of salamander 
so been tried. Here it was found that trans- 
ain such characteristics of their origin as 
d cell size, even though they may migrate 


numerous eye char 
influence of the ho 

Superficial trans 
to another have al 
planted cells ret 
pigmentation an 


position. This i 
organs, which v 
determined. 


These instances of the limitation of а gene's action to а 


single cell suggest that the genic products are held in by the 
cell membrane. If the nuclear membrane is like the cell 
membrane in its permeability toward these substances, per- 
haps its dissolution at the time of mitosis is the means of 
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releasing the dammed-up genic products. This Would ex- 
plain why development and cell division ever accompany 
each other, and why, as the rate of cell division slows down, 
the course of specialization also draws to a close. 


The extent of our knowledge and ignorance in this field 
will show up most clearly if we examine the best analyzed 
case, that of flower pigments. Some flower pigments (yel- 
low and orange) are insoluble and located in plastids. 
Others, the anthoxanthins (yellow, ivory) and the antho- 
cyanins (red, purple, and blue), are dissolved in the cell 
sap. Color variation may be due to the concentration 
of these pigments, but other changes are also important. The 
anthocyanins are hydrogen ion indicators, and vary from red 
at the acid end of the scale to blue at the alkaline. Some pig- 
ments, such as the ivory one, combine loosely with anthocy- 
anins and produce a disproportionate bluing effect; these 
are the co-pigments. Finally, additional hydroxyl groups or 
Sugar residues or a loss of methyl groups or organic acid resi- 
dues, all make the anthocyanins bluer. Thirty-five ,genes 
from fourteen species or genera of plants have been studied, 
and in every instance the biochemical action of each indi- 
vidual gene is a simple affair. Thus the scarlet pigment pelar- 
gonidin may be rendered bluer by a dominant gene which 
adds an OH group at position 3’. Another dominant gene 15 
then capable of adding another OH group at position 5, 


HO a Pe “ou 
A 
La A fo Ое; А 
но Н 
making the flower color still bluer, while a third dominant 
at once. Still 


Bene is capable of adding on both groups es 

further i eness may be obtained by a dominan 
cumulative blu x Lon 

Bene which adds a sugar residue at position 5 an уа 


Other which is responsible for the production of the ivory co- 
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pigment. ‘There are also dominant genes acting in the reverse 
direction; in other words, there are both dominant 


and reces- 
sive genes for blueness, 


For instance, a single dominant gene 
may methylate the OH group at position 3’ (changing it to 
—O.CH,). Another methylates both the OH groups at 3’ and 
5. A third adds an organic acid residue at some as yet un- 
known position. A fourth renders more acid the pH of the 
cell sap in the flower petals, and in them alone. All these 
factors make the pigment redder, Without multiplying ex 
amples, we can see that the dominant genes which bring 
about a specific change in the pigment molecule all add some- 
tbing to it. Their recessive alleles are inactive. - 

The anthocyanins and anthoxanthins are extremely simi- 
lar in constitution and are apparently produced only at one 
another's expense. This implies that they must compete for 


some common precursor, which is probably the ring marked 
4 in the formula. There is a gene in the snapdragon (An- 
tirrhinum) which is essenti 


al for the production of both 
anthocyanin and anthoxanthin pigments and so must relate 
to the common precurso 


т. The genetic changes in the other 
part of the molecule are probably accomplished before the 


final synthesis of the molecule. 
This situation may appear at first glance extremely com- 


plex, yet it is far simpler than we might have expected, The 
simple biochemical action of 


to hope that it is not 
analysis, Perhaps there 
very few, betw 


noid pigment. A dominant gene (Y) is a factor 
8 this pigment. Since endosperm is triploid, the 
effect of the compared in dosages of o, 1, a 
and g units, The vitamin A content of the grains is approxi- 
mately proportional to these gene dosages. The gene сар 
hardly be acting as an enzyme here, for enzyme concentration 
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18 rarely related directly to the amount of the product. The 
immediate product of the gene may be some component or 
precursor of the yellow pigment. Recessive genes, too, are 
frequently found to approach the action of their dominant 
allele as their dosage is increased. They appear to be “doing 
the same thing—but less efficiently." 14 The extreme of in- 
activity is represented by deficiencies. These are usually 
lethal; but when they are not, they may, like the deficiency 
for yellow body color in Drosophila, resemble the recessive 
alleles in effect. 

Yet we must beware of oversimplifying the problem. We 
at even genes concerned with but super- 


must remember th 
inspection, have proved to be 


ficial traits, judging from mere 
Vital to the cytoplasmic system. Where each gene may be con- 
cerned with a number of traits, even determination of its 
particular time and mode of action upon a certain biochemi- 
cal system very likely only opens up а lifetime of research to 
be pursued ere the gulf between gene and phenotype can be 
finally bridged by our chemical equations. А 

At present, about all we can say is that most genes probably 
affect developmental reactions through control over either 
their rates or their durations. A classical example is the process 
of pigmentation of the eye of the crustacean Gammarus che- 
Vreuxi, The black-eyed form is dominant; scarlet is recessive. 
During development the eye first appears scarlet. Then, in 
the presence of the dominant B-gene, it gradually darkens, 
becoming first brown, then chocolate, and finally black. 
When the genotype is homozygous for the recessive (b) allele, 
the process is the same, except that darkening starts later 
and proceeds much more slowly, consequently being brought 
to an end at an earlier point in 


the process. Very likely the 
Pigmentation of our eyes and skin is determined in a simi- 
lar manner, 


uM А i : х 
Now chemical reactions in genera 
An Introduction to Genetics, p. 337. 


1 are susceptible to con- 


uw Sturtevant, А. Н. and Beadle, G. W. 
- B. Saunders, Philadelphia, 1939. 
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trol in rate (a) by physical factors such as Se iidem 
or the degree of dispersion of the substances; (Б) by & >: in 
factors such as PH, or variations in the soot ons o E 
reagents; and (c) by catalysts. In the case of flower ees , 
tation, we have already seen how a gene which controls th 
PH in a localized region of a plant, the flower petals, si 
control the end-result of a developmental process. fumos 
since physical factors generally either are beyond the м аре. 
of the organism or are kept rigorously constant, it is, 1 | 
doubt, through the other two avenues that most iei oi 
operate. The Y-gene in maize may be taken as an paleo 
of those genes which control rates by varying the available 
amounts of precursors. Genes which control growth by con- 
trolling the production of glutathione (see Chapter I) exem- 
plify control of a trait by means of enzymes. Inasmuch as the 
enzyme may not be an immediate product of the gene, obvi- 


ously both types of control may be involved in any single 
chain of processes. 


Control over the duration 
out to be a matter of т. 
and cessation of a pro 
factors, reagent concent 
portant in this connecti 
maximum response. 


There is quite generally 
the substances determi 


of a process upon analysis turns 
ates, too. This is because the onset 
cess likewise depend upon physical 
rations, and enzymes. Especially im- 
9n are two phenomena, threshold and 


s à à : f 
al variation due to “chance,” the existence О 
thresholds is responsi 


ble for a considerable part of the con- 

fusion and difficulty in our thinking, past and present, about 
heredity, For when the effect of a particular genotype lies 
close to the threshold, normal variation will cause some in- 
ivi it and others below it. In other words, 
© genotype may differ in phenotype: 
nds in such instances, especially among 
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hereditary di i 
reditary diseases due to dominant genes. Such incomplete 


domin i i i 
ants, sometimes producing the disease and sometimes 


not, include hemolytic jaundice, a non-sex-linked type of 
hemophilia, polydactyly, and many others. It is, however, 
often difficult to determine, without recourse to experimental 
breeding, whether a trait is due to an incomplete dominant 
or to the interaction of two or more genes. 

Above a certain point, either at the threshold or higher, any 
further increase in gene potency or dosage is without result. 
This is the principle of maximum response. It also has a 
relationship to the dominance of genes. For a gene to be 
completely dominant, it must produce the determining sub- 
Stance in such excess that no fluctuation of the environment 
will reduce it in amount below the threshold. Yet all alleles 
which exceed this limit will produce the same phenotype 
(in a common environment), since the concentration of the 
gene product is no longer a limiting factor in the processes 


of development. 
Between threshold and level of maximum response there 


hich increasing gene potency ог dosage 
e gene product, and this is 
tation of the trait. Figure 
ay be applied to the 
a typical se- 
ver ones 


May lie a region in w 
results in greater amounts of th 
correlated with increasing manifes 
54 (p. 188) shows how these concepts m 
White eye-color series of alleles in Drosophila, 
ties with the highest alleles dominant and the lov 
blending, i 
Both modifying genes and environmental factors can alter 
Phenotype and dominance. This they may do by changing 
the time at which production of the determining substance is 
begun or ended, or when its effective production is ended; by 
the level of maximum response or the threshold; 
e rate of production of the’ gene 
t of development. 
act in this fashion, through con- 
tative way, is at present 
ely different or “quali- 


changing 
ог by directly affecting th 
Product relative to the res 
Whether or not all genes 
oe over rates of reaction in 
ghly controversial. Perhaps complet 


a quanti 
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TimeA 


! 
Level of 
maximum 


Fic. 54. A diagram to illustrate the relation of genic action in a series © 
alleles to thresholds and levels of maximum response, The effect produced 
by any genotype is indicated by the height at which the line representing es 
rate of production crosses the vertical line marked "Time A," at which the 


ons is cut short, If the production linc 
time limit, no effect is produced. Any 
maximum response before reaching the 
ximum response. Between the two levels, 
ight above the threshold. The normal 
genotype is shown by the thickened bars where the pro- 
the time line, Should the normal v; 

level of maximum 
that genotype woul 
ant, respectively, w+ 
gaster); ше, eosin; 


duction lines Cross 
overlap either the 
some individuals of 
the extreme mut 
Series (D. melano 


ariation of a genotype 
Tesponse or the threshold (see ww), 
d resemble the complete dominant or 
» normal allele of the white eye-color 
w, white. 
tative” changes are also 
nothing whatever of the 
US pass on to less s 


fairly frequent. But since we know 
mode of action of such changes, let 
peculative matters, 

ell raise the question whether we are 
uming that all heredity is genic, and 


ys only the part of a substrate in which 
the genes are w 


Ne: 


arly all instances of “maternal inheritance,” which migh 
be s 


Upposed to depend on cytoplasmic heredity, since only 
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the mother transmits cytoplasm to the offspring; have now 
been found to be simply cases of delayed genotypic action. 
Thus the color of a silkworm moth's eggs is determined by 
her genotype rather than by that of the fertilized egg itself. 
In the mealmoth Ephestia the color pattern of the larva is 
determined by the maternal genotype through the first two 
molts. Then the larval genotype, with its paternal contribu- 
tion, becomes effective, and thus may produce a striking 
change. 

А Often in crosses between different species or genera there 
is an effect of the maternally derived cytoplasm upon certain 
Sene-determined traits; that is, reciprocal hybrids may con- 
sistently differ somewhat in phenotype, even though identi- 
cal, as far as we can tell, in genotype. Their offspring, in 
turn, show the same tendency to resemble their mothers in 
these respects. These observations simply mean that genes 
tend to act-differently in different cytoplasmic substrates. 
There is also evidence that they work better in that of their 
Own species than in another, while in very foreign substrates 


they cannot operate successfully at all. This does not mean 
alities like those of the 


that the cytoplasm has hereditary qu П 
of the interdependence 


genes. It is simply another indication | 
of the genes and their immediate environment, which have 
become attuned to one another through eons of evolutionary 


adaptation. 

On the outside, the cytoplasm is exposed to the condi- 
tions of the external environment and so is subjected to modi- 
fication. Some of these changes are transitory; others may 
be quite enduring. The effects of exposure to extreme tem- 
Peratures or to chronic alcoholic poisoning upon the cytoplasm 
ОЁ germ cells—or of vegetative tissues that give rise to off- 
Spring asexually—may be handed down for generations before 
they finally disappear. Even the general adaptation to par- 
ticular conditions of life—climate or diet, for example—may 
be of this sort, a pseudoheredity that would be readily mis- 


taken for the work of the genes themselves, were it not 
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Fiindlimb Ear Neural Tube Ре, 


, Field Field 


j „Gill t 
d á Field Field Field 


Fic. 55. Diagram of an amphibian embryo to show the approximate localization 
of the main districts (unfortunately labeled "fields") known from experiment. 
‘The arrows indicate that the districts are polarized from their first appearance. 
Hypophysis is a synonym for pituitary gland. The balancers are organs grow- 
ing on the outside of the tadpole's throat region. (Redr: 
DeBeer's The Elements of Experimental Embryol: 
University Press. By permission of The M 


awn from Huxley and 
ogy. Courtesy of Cambridge 
acmillan Company) 


correlates the growth of differen 
(a district) is grafted onto the 
is removed, it will develop into 


that of a leg. It appears, theref: 
gradients and their 


t parts. Thus, if an arm bud 
spot from which a leg bud 
an arm, but its size will be 


organizer may be taken from a later 
ter the front end of the neural tube 


А € bulges which will later make the 
brain, two side pouches gri y 


€y reach the ectoderm, growing into 
the form of cups on slender stalks. If, now or earlier, this 


part of the forebrain is cut out and transplanted beneath 
the surface layer, either of the same embryo or of another of 
an age not too much older, it will induce the ectoderm to 
fold in and assist in producing an eye in the normal fashion 
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se " 6 
онаа B). TE o Wr а al! the ecto- 
UD сураг y : aterial! In this way you may produce 
та д г жа wish, although, unless they are connected 
io M 21 t ley will naturally not be able to contribute 
етин зе side pouches of the forebrain are the eye 
а which have specific effects during 1 
deviate eing discovered in abundance. Some act early in 
Di some late. There is a South American blood- 
fors р DUG (Rhodnius) which can molt only at an interval 

having had a big meal of blood. If it fails to get a real 


Сө ` H 
Sorge, it consequently cannot grow or mature. The molting 
a hormone by a 


к results from the production of 

к= near the brain. The hormone circulates through the 

cell Fes sets the epidermal cells, long quiescent, into 

VA SF This hormone 1s effective not only in closely 
ated species but even in as distant a relative as the com- 


mor А E . бИ; 
apt bedbug, which belongs to a different family. It is, m 
mones have similar effects on a 


development 


rapid 


ты general rule that hor 
5 ariety of related organisms. 
бе ie. better example than the one just described can 
Organisr D revealing the involvement of genes, cytoplasm, 
E behold and environmental factors in development. Here 
Шо; и an environmental variable (a good meal) acting as 
that Deep which sets going a localized physiological process 
Physiol STE an expression of hereditary potentiality. This 
only ова process is the secretion of a hormone to which 
certain tissues of the body, the epidermal cells, are re- 


рек The responsiveness is, no doubt, a matter of cyto- 
Benes С attunement. Finally, mitoses are set in motion; the 
RN these cells are themselves stimulated to activity; 
Sollen takes place; a new cuticle is laid down, and the old is 
А - The type of cuticle, whether immature or mature, 

Seemingly determined by another hormone emànating 


ro 
ln the same gland as the mo 
Drosophila, too, a moltir 


Iting hormone. 
ng hormone has been found. 
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strictly maternal or somatic in transmission and far less en- 
during. 

The genes are thus buffered from the outer environment 
by their own surrounding cytoplasm. In many-celled organ- 
isms, each cell in its turn lives in the midst of a multitude 
of its fellows, constituting a larger living environment inter- 


posed between cell and outer world. This must also be 
considered. 


"THE ORGANISM DURING DEVELOPMENT REACTS AS 


AN INTEGRATED WHOLE 
At no time in our development after the first cell division 
gglomeration of cells, Always we 
he mere sum of heart plus brain 
other organs. For at the outset 


у Can operate only if other 
ry on the remainder of the general func- 


nore specialized are the parts, 
ole. 


Struse, perhaps it^ 


may be more readily 
n analog 


understood from a У with the molecule. A molecule 
of cane sugar (sucrose) is more than the mere sum of twelve 
carbon atoms, twenty-two hydrogen atoms, and eleven oxygen 
atoms. These must also be arranged in a particular pattern, 
for the same atoms, in various other relationships to one 
another, may form maltose, lactose, or any other disaccha- 
ride. Our present Problem, then, is that of bodily pattern. 
How is the abstract pattern of the genes, a haphazardly 
arranged collection of potentialities, related to the visible, 


functionally arranged and integrated pattern of the body 
produced by development? 
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f form lies in the fixation of the 


p be moe e the symmetry of the body. The first of 
abe is y predetermined in the egg through the differ- 
Isa bees and vegetal poles. In many species, as 
эс ш zs | in the egg during 1ts growth in the ovary, it 

gravitate to the vegetal pole, while cytoplasm and 


nucleus А А É 
me eg occupy the animal pole. Many biologists have tried 
the reason for this first visible indication of the egg's 
o the conclusion that 


pL Most of them have come to ta% 
бнер t external to the egg 15 responsible. Perhaps the 
yis of the egg in the ovary allows one end readier access 
lic A iu than the other. At any rate, а gradient of metabo- 
tá E is set up in the egg; and this would appear to be 
Hose "js of such eggs as have evenly distributed yolk, like 
initial a manmel This metabolic gradient seems to fix the 
(hind) axis of the egg, and our anterior (head) and posterior 

ends come, respectively, from the animal and vegetal 


hemispheres. 

ES cell produces € 

thore 3 energy. Since ce 

pole x m than the inert 

tticir E end of the embryo 25 

а. п at least some organisms, 
al polarity has been established 


dey 
Ae apiment by the time all the уо 
ur primary axis is thus fixed even before fertilization, 


oe any of the infinity of meridians from pole to pole can 
pparently become the dorsal-ventral (back-to-belly) plane. 
P how this is determined seemingly depends upon the 
um uence of some aspect of the environment—perhaps, as in 

85, it is a matter of where the sperm enters the egg, this 
Meridian becoming the mid-ventral line, and the opposite 


One the dorsal. However that may be, !he fixation of this 
bilaterally symmetrical'develop- 


Си lays the foundation for ‘ 
ent. Right and left of this plane the sides begin to develop 


as mi ; 
mirror images of each other. 


T P : 
he primary foundation o 


lectricity as one of its characteristic 
lls formed at the animal pole are 
t, yolk-filled ones at the vegetal 
positively charged with elec- 
it is clear that this elec- 
as the controlling axis of 


1k is used ир. 


192 GENES AND THE MAN 


In general, the gradients of activity run from head to tail, 
from back to belly. The cells toward the head divide faster 
and, consequently, are smaller than those to their rear. Simi- 
larly, cells along the back divide more rapidly and are smaller 
than those ventral to them. Since the gradients are not merely 
axes, but involve cell layers and masses in the developing 
embryo, it is better to speak of the whole mass of cells influ- 
enced by any particular gradient as a gradient field. 

Next comes the localization of subst 
ready localized in the egg, 
ceeds, others are also locali 


ances. Some are al- 
as is the yolk. As cell division pro- 
zed, under the influence of physical 
factors such as gravity, and no doubt more especially because 
of the polarity of the embryo. These substances must include 
also the products of such genes as commence activity at this 
time or earlier. Such secondary enzymes or precursors, once 
localized, play an important part in the further development 


of form. They have been called organizers, the hormones of 
development. 


The. best known of these affords a striking example. 


When the embryo has grown to resemble a sack with only a 
small opening to the exterior (for a detailed account of the 
process see Chapter V), the nervous system begins to form 
as а groove which extends from the dorsal lip of the pore 
toward the head end. This groove deepens, the walls fold 
Over to make a tube, and the nervous system thus originates 
from the surface layer of the body. Now we might ask—could 
any portion Whatever of the surface layer, called the ectoderm, 
do this—and make a complex brain and spinal cord? This 
question has been answered by ingenious experiments upon 
frog and salamander embryos. If the dorsal lip of the pore 
is cut away, and the tiny piece transplanted to another posi- 
ton, a groove will extend from it toward the head end, and 
shortly we can see a neural tube in process of growth. 
Or transplant these particular bits of tissue from several em- 
bryos into one, and you may produce as many neural tubes 
as you wish! Any part of the surface layer possesses the capac- 


T 
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ural tube, but does so only when 
hich is the substance 
the pore. 


ity to develop into a ne 
stimulated by a particular organizer, W. 
(or substances) localized in the dorsal lip of 
е We can be sure that chemical substances, and not some 
influence of the living tissues, are responsible for this effect, 
for dead material or extracts from the same source are just 
as effective as the living organizer.” However, there is a 
difference in the way a transplanted dorsal lip organizer acts 
upon head and trunk. It appears, in short, that the organ- 
izer substance merely induces the surface layer of the body 
to form a neural tube, while the regional characteristics of 
the neural tube depend on the “axial gradient,” or polar- 


!ty, already established. 
Dee delay transplantit 
iu of the host embryo has 
s normal differentiation, 
Power to reverse the changes th 
Words, the organizer acts only on С 
of specialization—beyond that the chemical and physical set- 
Ung of the protoplasm is no longer one in which this hor- 
Mone can affect matters. Districts can be delimited which 
have become fated to form particular organs (Fig. 55, P- 194), 
each district having a polarity of its own. 


These districts are somewhat different from the gradient 
The latter are based upon 


fields about the axes of polarity: 

dynamic equilibriums, and the dominant regions of such 
fields can activate or inhibit at a distance. A fragment of such 
а field tends to reorganize itself so as to make a miniature 
Whole. On the other hand, the districts, which depend upon 
а gradient in the concentration of some substance, are, once 
Outlined, of predestined fate. They do not depend upon 
€quilibriums, but upon а superthreshold concentration of a 
Particular organizer. Their own polarity may be swamped 
by that of the broader primary gradient, which apparently 
ndicates that at least some of the or- 


ng the organizer until the surface 
already reached a certain point 
the organizer will have no 
at have occurred. In other 
ells below a certain stage 


157p 4 
ni he analysis of these extracts ! 
zers belong to the group of sterols- 
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But more interesting in this organism are the diffusible snb: 
stances involved in the production of normal eye color, for 
these—two are known—are each dependent upon a т 
gene (vermilion and сіппађаг). One of the hormones (t х8 
v* hormone) appears to be a precursor of the other (the "i 
hormone); for, while eye buds from larvae of either ver- 
milion or cinnabar genotypes become red (normal) when 
implanted in wild-type hosts, the results of nee pineal — 
plants of vermilion and cinnabar are different. A cinnabar 
host can supply a "vermilion" implant with the substance it 
lacks, and produce red eye color; a “vermilion” host cannot 
do this for a ‘‘cinnabar” implant. These two hormones have 
been extracted from various tissues, and, although not yet 
completely analyzed, it is clear that they are not proteins but 
are of a simpler chemical constitution. Probably they are 
amino bases produced by protein breakd 
behave as enzymes. These facts make it seem likely that the 
normal eye color is, so to speak, a by-product utilizing the 
waste of some more vital process. 

Scarlet is another recessiv 
a manner indistinguishabl 
phenotypes. Yet “scarlet” 
hormones in abund 
somehow 


own. They do not 


€ gene affecting the eye color in 
е from vermilion or cinnabat 
larvae have both the v* and the cn 


st 
ance. One or the other of them mus 
be kept from изе. Here is a sin 
can be brought about b 


each having its own ind 
tion should help us to 
human heredity w 


gle phenotype which 
у апу one of three (or more) genes: 
ividual mode of action. This situa 
understand the many instances M 
here a certain trait, such as hemophilia, 15 
commonly sex-linked, but not always; or where, as in the case 
of congenital night blindness, a trait is 
some families and in others a sex-linke 

In the mealmoth (Ephestia) and in 
parasitic upon it, there are also recess 
ivory, respectively). The normal all 
also responsible for the production 
It is a startling indication of how 


a simple dominant 1? 
d recessive. 

a wasp (Habrobracon) 
ive eye colors (red an 
eles of these genes are 
of eye-color hormones 
similar a biochemistry may 
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underlie the development of distantly related forms to dis- 
cover that the known hormone in the mealmoth is the same 
as the v* hormone of Drosophila, while that of the parasitic 
Wasp is identical with the cn* hormone. Perhaps the very 
genes themselves are identical, although there is at present 
no way of knowing. 

In plants, too, hormones have been discovered which play 
an important role in growth. These are the three auxins (see 
Chapter I, p. 38), some one of which is apparently present 
in every plant. They bring about the elongation of cells 
even in unbelievably small concentrations; when applied to 
only one side of a growing oat sprout, 1 mg. of either auxin 
а ог auxin b would be sufficient to cause a 10? bend in each 
Of 50,000,000 shoots! Heteroauxin, the third of the trio, and 
already successfully synthesized,!^ is only half as potent. Aux- 
Ms are formed in the growing tips of stems, buds, leaves, and 
branches, and diffuse toward the base of the plant and on 
down into the roots. Here, too, there are cells of the par- 
ticular age and character that are sensitive to the auxin, and 
even more so than those aboveground. The concentration 
Which evokes maximal growth in the root cells is only about 
1/10 of that required for buds and only 1/100,000 of that 
required for stems. The result is that growth by elongation 
takes place in a root only while it is very young and tiny, 
апа is soon done, before the root hairs begin to form; whereas 
Stems may continue to lengthen over а much longer period. 

The response of a growing plant to light or gravity 15 
also based upon the presence of an auxin. As for gravity, it 
Appears that auxin tends to accumulate on the lower side 
Of a horizontal stem; this side then grows faster than the 
Upper, and the stem curves upward until the concentration 
ОЁ auxin becomes equal around the stem. Similarly, auxin 
accumulates to a greater extent on the darker side of a stem, 


i i other hand, be- 
50 that it curves toward the light. On the 


++ i ic acids. Heteroauxin is indole-3- 
асы АП three auxins are monobasic organic a 
Cetic acid. 
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cause of tlie greater sensitivity of the root to auxin, its elonga- 
tion is inhibited by the same concentration that stimulates 
the stem. A horizontal root, therefore, grows down because 
the accumulation of auxin on the lower si 
tion there more than on the upper side. In this way the 
same environmental factor acing on the same internal 
agent may yet produce strikingly different results in various 
parts of an organism because of the earlier differentiation 
of those parts. 

To see how the Senes may regulate this biochemical mech- 


anism of growth control, we need only look at the dwarf 
mutant form of maize known asn 


de inhibits elonga- 


n it. Because we have already devoted 

netic aspects of sex, the hormonal 
tion should make a good example. 
all individuals there exists a potenti- 
sexual characters of both sexes. All 


€ gonads. As they first develop, each 
те (or medulla) of male tissue and an 


tagonistically upon the tissues ОЁ 


the opposite sex, at the same time inducing more vigorous 
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growth in the tissues of the same sex. In some way the geno- 
type (XX or XY) determines which element will get the 
upper hand, and before long the other is first inhibited and 
then commences to dwindle (see Fig. 56). In the male the 
female tissue eventually disappears completely; in the female 
a small remnant of the male issue is left, so that a female 
under certain conditions may develop intersexually. 


alternative development of ovary and 


Fic, š 
56. Diagram to illustrate the 
consisting of both male 


testis from the same type of rudiment (upper center), 
ing DU and female tissue (F). The small arrows indicate the predominat: 
on in each case. The larger arrows indicate the tissue in the rudi- 
respectively. (Redrawn 


men a TER Ea) i 
* t that becomes predominating in ovary and testis, 


from Burns, after Witschi) 


| _This general interaction reminds us of the man who lifted 
umself by his bootstraps—for the more hormone one element 
of the gonad secretes, the more it inhibits the other element, 
and the more it stimulates its own further growth, so that 
it can secrete still more hormone. We should like to know 
What puts a stop to this! And what is the relation of these 


two hormones to the organizers which presumably cause the 
Sonad to appear in the first place? Are they the same? 
vins of different sexes, or 


Observations upon conjoined ty 
p Periments, such as grafting a gonad of one kind into a 
10st of the opposite sex, OF castration, or the administration 
ОЁ various dosages of hormones, show us the further conse- 
quences of the interaction of these hormones. In birds and 
lower vertebrates sex may be completely reversed. ‘In mam- 
mals this has not been found possible, but partial reversal is 
Well Known, A freemartin is a genotypically female calf that, 
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through conjunction of blood vessels with a male calf, has 
been subjected to dosage with the male hormone while in 
the uterus, until it has undergone partial sex reversal. The 
ovaries are destroyed early, and from then on the female hor- 
mone is lacking. This naturally has further consequences. 
The male calf is unaffected because testes develop faster than 
ovaries, and the male hormone therefore swamps the female. 

By administering hormones, we know that lar 
either male or female sex hormones can induce bo 
and the female ducts to develop. In smaller 
each sex hormone appears to stimu 
corresponding sex. That is, the ru 
are more sensitive—they have 
—to the male sex hormone tha 
for the rudiments of the fema 

While the sexu 


ge doses of 
th the male 
doses, however, 
late only the ducts of the 
diments of the male ducts 
a lower threshold for response 


n to the female; and conversely 
le ducts. 
al ducts appear 


» the external genitalia 
characters are, 


to be responsive to both 
and the secondary sexual 
present knowledge, affected 
you administer female hor- 
animal nothing happens. But male 
strate externally into a male, and will 


al sex structures of a female into thei! 
course, 


according to our 
solely by the male hormone. If 
mone to a castrated 
hormone makes the ca 


| A strange thing is 
Involved in all] this. 
make a long migrat 


re not 
that the germ cells themselves are nO 
In birds, 


: f 
accomplished a considerable part О 
The gonads, and hence the other sex 
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structures, will develop quite normally in the absence of 
sex cells, but the animal will, of course, be sterile. 
: Our picture of sexual development in terms of hormones 
is still much too simple,” but its general character is perhaps 
clear enough. To sum up, at definite locations in the body 
organizers lay out the districts for the gonads and their ducts. 
Since each gonad includes both male and female tissues, prob- 
ably two organizers collaborate in inducing it to start devel- 
opment. Where these substances are first produced is un- 
certain, but they probably come to be concentrated at the 
appropriate points through the influence of the primary 
gradient fields. As the gonads increase in size, the male and 
female portions commence to elaborate their respective hor- 
mones, which are perhaps chemically the same as the gonad 
Organizers. A conflict of self-stimulation and reciprocal inhi- 
bition results; and one type of tissue, that favored by the 
genotype, overwhelms the other. Its hormone stimulates the 
Corresponding type of sexual duct to enlarge. Finally, if it 
15 the male hormone, it stimulates the external genitalza and 
Secondary sexual characters to develop differentially.! 
The attainment of ultimate size and form by the organs 
brings us to the third major group of developmental fac- 
tors. The axes and planes of symmetry, and their gradient 
fields, lay out a ground plan of development. Organizers 
block in the details. But the ultimate form depends upon 
said nothing here about the masculinizing effect 


al 
gi the hormone from the cortex of the adrenal glands ipon m кз 
Senitalia and secondary sex characters, ОГ about the general contro 


ку gland over the activity of the gonads. — 
аш} For further study of these problems, the т 
horitative works as: : Р p 
Huxley, Julian S d DEHeen G. R. The Elements of Experimental Embry 
ology. Cambridge University Press. 1934- 2 Е Р онам 
Spemann, Hans. уол Development and Induction. Yale University 
Press, 1938. E | 
Allen, E, Ed. Sex and Internal Secrettons, ed. 2. 
Baltimore, 1939- . 
See also Mohr, O. L. Heredity and Disease, PP- 
New York, 1934- 


1" We have, for example, 


eader is referred to such 


Williams and Wilkins, 


164-188. W. W. Norton, 
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relative growth vates. This means 
grow slower or faster than others. 
ample, about three fourths of the body is laid out as head! 
Yet, since the head grows at a consistently slower rate than 


the rest of the body, two months later the head is not quite 
as large as all the rest, at birth it is about one fourth as large, 


simply that some parts 
To begin with, for ex- 


Fic. 


57. А, growth curves of 
that 


of the whole body to sho 


head and neck, arms, 


and legs compared with 
© growth rates. 


w differences in relativ 


m at maturity it is only 7 per cent of the total bulk of the 
оду. 


Our limbs do not éven appear until the fifth week of our 
prenatal development, The limb bones altern 


SIX months of each), and, 


vhile others 


ately lengthen 
moreover, some аге 
аге thickening. At two months our 
€ body's bulk, and arms and legs are 
: onths later, they make up nearly one 
fourth of our body, but our legs are almost twice the size 
of our arms, ever noticed the gangly proportions 
of newborn lambs ог Colts? The higher relative growth rate 
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е ыр birth is evident there too, although:thereafter 
| growth of their legs slows down.) At maturity our limbs 
nm 50 n cent of the body's bulk, but our legs are 
idi es es bulk of our arms. No wonder, then, that 
vemm : е © d ifferent from adults, with their heads so much 
ger in proportion to their legs. We may represent these 


12 25 


| 


2 5 * 
month, 2 


rm and proportion of the human body dur- 
1газуп from Morris’ Human Anatomy, ed. 
lakiston Company) 


Fi 

i ү 57 (Cont'd). B, changes in fo 

$ K fetal and postnatal life. (B rec 
‚ Scammon, after Stratz. Courtesy of The B 


Srowth rates graphically by curves showing the increase in 


b a : 
ulk with age (Fig. 57). 
| Ограпз may grow at the same rate as the whole body. As 
о ти. : : i i 
ng as this is true, increase in absolute size 1s not accom- 


Panied by any change in relative size. But, as we have, just 
г other organs grow at a rate different from that of the 
dig. asa whole, or an organ may grow at different rates in 
Ba uuu о is the phenomenon of heterogony. 
ve it is extremely unlikely that any animal will hot have 

€ heterogony, it follows that all animals must alter in 


for SE 
m as they alter in size. 
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One of the most striking facts learned about ере 
where heterogony obtains, the ratio between one pa om 
ent growth rates remains constant for long tin бань 
development. In spite of the fact that both grow а 


: i ith 
- (1) newborn; (2) juvenile s 
adult male. (From Huxley's Problems 


(3) adult female; (4) 
+ Courtesy of The Dial Press) 


a ith age 
usually changing, for growth tends to slow down with ag 
they remain related to eac 


: 19 This 
h other in a constant way. Т 
19 This can be expressed mat 


chere X 

hematically in the form у = bx*, ps а 

апа у are the magnitudes of the two differentially growing elements, of the 

icati Value of у when x = 1, and k is the ee is а 

Since k is ‘logarithmic, this means that E Bite in 

process of multiplication of living substance and is not simply peus the 
vords, the more growing material there is, the grea 
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И ане е їп relative size or form. The 
w. rely 
lte dient: Mis 3 Ww : -— Dice upon whatever 
ders d eds . Examp es of what is meant are so 
Ben ew aes that it 1s scarcely necessary to discuss 
га E i AE part of a baboon 5 cranium grows at a faster 
En на rest of it, and the ratio between the two growth 
stant. Figure 58 shows the result. 
т. жле. уеагѕ researchers have wondered about the ge- 
asis of the differences between the queen bee and 
= or between queen ant and the several varieties of 
and worker ants. Then it was discovered that the 
ш were all neuter females, sterile because fed by their 
the bi =" a somewhat deficient diet. Now it seems likely that 
EE "-— fierce-jawed soldiers and the small-headed, 
is T Wot kers also differ only environmentally. For there 
positive heterogony of head over body; and the larger the 
absolute size a worker attains, the bigger its head and jaws be- 


© ; nap А FON its ui 
ome in proportion (Fig. 59» P- 206). It is the limitation 1n the 
is the decisive factor. Here it 


total amount of growth that 1 
is determined by nutrition; yet in another organism it might 
*qually well be genetically controlled. 

The constancy of the ratio of the growth rate of a part, 
Such as a limb, to that of the whole body does not mean that 
all parts of the limb are growing at the same rate. After 
birth the hind legs or-lower limbs grow more slowly than 


t E 
he body. Measurements show that the most distal joints are 
there is a regular gradi- 


i Owing relatively slowest, and that 
в of increasing growth from there to the trunk. Conversely, 
е е 
ore birth, when the legs are STOW 


t ; ; 
ee distal parts are growing fastest. So, W 
Bony is positive or negative (that is, whether the differential 


Browth rate of the part is faster or slower than that of the 
Whole), this distal region is the growth center of the limb. 
ous the growth gradients extending in the three planes 
Space from the growth center may differ, the composite 
9f all growth centers and growth gradients in the body makes 


ing faster than the body, 
hether the heter- 
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Fic. 59. Increase of the rel 


neuters of the ant Pheidol 
Relative Growth, 


ative size of the head with 
е instabilis, 


Courtesy of The Dial Press) 


yin 

absolute size of body x 
А 5 
Enlarged. (From Huxley’s Problem. 


О 
© than twenty years = 
H а, ri 
that the differences in fo 


(see Fig. 60). The sunfish has pus 
dently acquired, over and above the growth рачето Ali 
relatives, а sharp growth gradient running from a grow 
center at the tai] toward the head. 
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outline of the fish Diodon to give 


Fic 
6o. Cartesian transformation of the 
m Huxley's Problems in 


LE E ) 
И Outline of the related sunfish Orthagoriscus. (Fro 
alive Growth. Courtesy of The Dial Press) 
ation of at least some 
hown on page 208 
of the head, 


s is also illustrated in the form 
‘man embryo monsters. In the first one $ 
(Fig. 614), there is marked underdevelopment 
accompanied by greater growth of the next posterior region of 
ше body gradient. Hence the chest is enlarged, and a growth 


8radient runs from there out the arms, with progressively less 
ms, forearms, hands, and 


incr ; 
sob p over normal in upper arm» 7; ban 
digits. Tn the second case (Fig. 61 В) there 1s a relative increase 
їп the potency of the growth center in the head, and a steeper 
Sradient along the body axis. : J 

Numerous are the instances of gene-controlled relative 
озн rates. The short limbs of dachshunds and basset- 
lounds are due to a single recessive gene in each case. The 
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"shortear" gene in mice produces localized changes in the 
growth of the skull. In squashes and gourds there are genes 
for both size and shape, the latter controlling relative growth 
rates, so that the shape of each fruit 


changes progressively 
during its increase in size. 2 


A ^ 


B 


h effects in two h 
ine, 


If, on the one hand 
to genic control is ap 
also be related to th 
and distiicts, 
polyps the fi 


Tegion contr 


, the relation of relative growth rates 
parent, it is no less clear that they must 
€ primary axes, to the delimited fields 
and to the hormones, In regenerating hydroid 
rst region to differentiate acts as a dominant 
olling the development of the rest of the body- 
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Moreover, the location of this dominant region can be al- 
tered by external factors which either temporarily over- 
_Wwhelm the primary axial gradient, as an opposed electrical 
gradient can do, or completely wipe it out, as do weak poi- 
sons. Here the production of form during growth, a matter 
‘of local differences in growth rates, is clearly subject to the 
larger, fundamental growth pattern of the whole. 

If you transplant an organ from a slow-growing salamander 
to a fast-growing one, it will continue to grow slowly. Con- . 
versely, if you transplant an organ from a fast-growing sala- 
mander to a slow-growing one, it will maintain its own 
inherent growth rate. This shows that the localized growth 
centers and gradients are related to the districts of the em- 
bryo induced by the localized concentration of organizer 
substances. 

Finally (1) the distinctive grow 
and female under the influence of the sex hormones, (2) the 
preponderant stimulation of limb growth in pituitary gigan- 
tism, and (3) the action of thyroxin in stimulating the growth 
of internal organs (heart, lungs, Jiver, kidneys, spleen, adre- 
nals, pancreas) while suppressing that of the pituitary gland— 
these show the relation of hormones to relative growth rates. 

A further aspect of heterogony which particularly con- 
cerns us is the appearance of asymmetry on the two sides of 
Our body. In all the higher, bilaterally symmetrical animals 
the later phases of growth show some degree of secondary 
asymmetry. Our stomach projects toward ihe left, and heart 
and intestines are spirally coiled. Dentition and facial Agr 
tures are somewhat asymmetric, and the crown-whorl of our 
hair spirals in a particular direction. One side of the brain 
also achieves a functional predominance over the other. All 
these seem to be due to the existence of growth gradients 
running from left to right, the most active growth usually 
being on the left. These in turn may be due to gradients in 
the distribution of auxin-like substances, for, if you cut out 
а piece of the roof of a tadpole’s gut before its coiling com- 


th of the sex organs in male 
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{ ing i rees, the in- 
mences ard replace it after reversing it 180 degrees, d a 
: : Sep Eee e 
testine and heart will coil in the opposite direction to tu 
i Г т 1 п. 
usual one, and the stomach will also be reversed in eden : 
i ili i р k w tha 
Studies on the coiling of snails and other mollusks sho ie 
their asymmetry is already determined in the egg before 


E: " re ai OF 
tilization. Moreover, it is determined by a single pair 


alleles present in the mother.? In our own case, too, the de- 


velopment of left-handedness or right-handedness is pre 
dominantly determined by a single pair of genes. The em 
frequency of right-handed people indicates that, because б 
the crossing of the nerve pathways in the brain-stem, most 
of us are left-brained. In other words, the dominant allele 
renders the left end of the growth gradient for the brain 
predominant; the recessive allele favors the right end. If it is 
permissible to put together this evidence assembled Ер 
different organisms, we have here a clear chain starting доп 
the genes, and leading through concentration gradients of 
growth substances to the appearance of left-right growth 
gradients which finally result in phenotypic asymmetry.2! 
feature of development deserves a word. The 


One more 
early phases of the development of any structure as a rule 
take place before it begins to be of any use. Eventually d 

prefunctional stage to one of use, and this 


passes from this 

use definitely affects the further course of its development. 

We are all familiar with the stimuiating effect of exercise 

upon the growth of our muscles, but it goes much further 

than this. The Pull of the muscles orients the fibers of the 
s along the lines of stress. The finer archi- 


attached tendon 
tecture of the bones—the direction of the spicules and tiny 


rds 

2 This implies that the paternal contribution to the genotype as gue 
this pair of genes is delayed a full generation in its effect, for a domina 
gene from the father Will not determin it has 
i 55 produced by that zygote after it 
developed .to maturity, 

21 Classic reference 
Growth by Julian H 
1932). 


on the sub 


; ive 
ject of heterogony is Problems in Relati 
uxley (Line 


rk, 
oln MacVeagh, the Dial Press, New YO 
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Struts which provide the spongy structure at their ends, and 
„Ше denser, firmer structure in their shafts—this, too, depends 
on the direction of the stresses they meet. Anyone who has 
ever seen the wasted, bent legs of an invalid, or who has seen 
an x-ray picture of their curved, weakly bones, will know how 
great this effect can be. Use of the muscles and organs also 
determines the amount of their blood supply, and this plays a 
great part in fixing the number, size, course, and branch- 
.ing of the minor blood vessels. The severity and type of 
bacterial invasion regulate the total number and the rela- 
tve frequency of the several sorts of white blood cells. Lack 


of sufficient iodine in the diet will cause the thyroid gland 


to hypertrophy, resulting in a goiter; and removal of one 


kidney will result in the enlargement of the other, which has 
to do double service. Even the character of the cells may 
be changed by use, as in one instance where the artificially 
Induced hypernormal use of the urinary bladder in a dog 
caused the walls of this organ to become ten times thicker, 
the cells took on a striated character like that of heart mus- 
cle, and the whole organ pulsateá rhythmically. 


CAN WE ASSESS THE RELATIVE IMPORTANCE OF HEREDITY 


AND ENVIRONMENT? 


At the beginning of this chapter we examined the problem 
oF fat color in rabbits, and concluded that the potency of 
either heredity or environment can be discerned only when 
We isolate the effects of either one of them by rendering the 
other constant. We may see how easy it is to overlook the 
Implications of this principle from the fact that, until re- 
Cently, books on human heredity classified pellagra as a he- 
“runs in families,” ignoring the 
fact that faulty nutrition (in this instance lack of nicotinic 
acid) is also shared, like many other aspects of environment, 
by those living under the same roof. Yet, with this clearly in 


пипа, we must still face the practical aspects of our question. 


Yı 1 . . 
*ditary disease because it 
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Should we put our trust in eugenic measures, or should we 
work for a better future by improving our environment? І 

Now this is not to be confused with the old, erroncou 
distinction between hereditary and environmental traits. 
Rather, we are here concerned with four categories of rela- 


tionship: 
Genetic 
Genetic differences Differences due to en- 

1 manifested in prac- | vironment manifested 3 
tically all types of [only in a restricted 
environment range of genotypes 
Genetic differences Differences due to en- 

3 manifested only in a vironment manifested 4 
restricted range of |in practically all 
environment genotypes 


Environmental 


a 
Categories (1) and (4) 
differences betweer 
the first; and betw 


А 7 he 
are the indisputable cases, such as th А 

: s ir 
п color-blind or albino and. normal, 


] rnm 

ееп one who has accidentally lost an a! » 
: у 

or an eye and one who has not, in the fourth. These tV 


categories, however, include relatively few examples of dif- 
ferences. For instance, there is little besides mutilations ua 
Category (4). Categories (2) and (3), on the other hand, аге 
extensive and include Most of the traits we would like t° 


control, and may possibly be able to. 
There is, of ¢ 
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week of their incubation. So, too, cretinism may appear in 
many genotypes, wherever the local supply of iodine is low; 
or, where the supply is adequate for the majority, it will ap- 
pear only sporadically, in the few most susceptible genotypes. 
In the first kind of locality we might regard cretinism as en- 
vironmentally caused, while in other regions it would appear 
to be hereditary. The fundamental fact, however, remains 
the same. Various genotypes have a differential susceptibility 
to lack of iodine; and this, along with the local abundance 
of the element, determines the incidence of cretinism. 

An example that we can treat graphically may further 
help us to understand this point. In Drosophila, the number 
ОЁ facets in the eye is reduced below normal by the gene 
Bar and still more by its allele Double-Bar. The number 
Of facets is also decreased by any increase in temperature 
during the susceptible period of eye development. However, 
the two Bar alleles do not act proportionally at different 
temperatures. The change in the effect of Bar with a shift 
in temperature of nine degrees is much greater than that in 
Че effect of the Double-Bar allele. If the effect of the genetic 
difference is taken as the difference between the eye size 
™ the two stocks at any one temperature, 10 1s obviously 
Breater at 169 C. than at 25° С. (Fig. 62). If the effect of the 
environmental difference бї 9° (not the total environmental 
effect) is regarded as the difference in eye size at the two 
temperatures in any one stock, it is clearly greater for the 

ar stock than for the Double-Bar stock. Then, of the dif- 
ference between the largest eyes (Bar at 16°) and the smallest 
(Double-Bar at 25°), there is no single answer as to the rela- 
tive potency of genes and environment. At 16° the gms 

ave it; at 25° the major role is that of the temperature 
difference, For every combination of each environmental 
change and each genotype, the relative. potency must be as- 
“essed individually. 


è These examples throw the е 
са] chain-reactions which Пе 


mphasis back on the biochemi- 
between genotype and pheno- 
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type. Thé greater our knowledge of these becomes, the more 
readily we can correct for genetic inadequacy by appropriate 
environmental change. It is a simple matter to feed salts of 
iodine in correct dosage to those who need it, or to step up 
resistance to a disease in susceptible genotypes by vaccination 


Number of Eye Facets 


2 
Temperature 


> 


Fic. 62. Diagram showing the change in the eye size of Bar and Double-Bar 
Drosophila with changing temperature, E — change due to shift of 0° C 
in Bar; E' — change due to shift of 9° C. in Double-Bar; С — difference duc 
to Benotype'at 16* C; С” — difference due to genotype at 25° C. (From data 
of Krafka) 


or serum treatment, T) 


; his should make it clear that artificial 
selection and environm 


; ental control are, after all, not alterna- 
lwes between which we must choose. The former is a treat 
ment applied to the genetic pattern of a population. The 


latter is a treatment appli indi- 
1 plied to the phenotype of an i 
vidual. Both : 7а 


г can be used in the same instance, and the ad- 
visability of applying them should be considered separately: 
The efficacy of eugenic measures is not the issue just here- 
What is pertinent is the constant possibility that, by acqui™ 
Ing sufficient knowledge of the way in which a trait develop’ 
We can achieve control over. it. To say that hemophilia 
and Huntington’s chorea are hẹreditary diseases does not 
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mean that they are incurable. It simply means that our re- 
search on them should be directed into channels other than 
those of bacteriology. 

We need to learn more completely the susceptibility of 
each trait to environmental modification. We need to learn 
what factors are normally variable, how much, and when. 
In our search for limiting factors, we must distinguish more 
carefully between uterine environment, familial environ- 
ment, and general social environment. 

‚1© would appear well-nigh impossible to secure a suffi- 
ciently homogeneous environment for the study of the effects 
ОЁ genetic differences in man. Even with our experimental 
animals the problem causes constant difficulty. Only the uter- 
ine environment and those characters which complete their 
development within it offer some hope. The principal varia- 
tions in the uterine environment are nutritive, and the simi- 
larity of the rat's nutritive requirements to ours, and the high 
degree of genetic homogeneity in the rat stocks now used 
for experiments afford a substitute for experimentation. upon 
Ourselves, Yet the accompanying list of the nutritive sub- 
stances (Table III, p. 216) known to be limiting factors is ex- 
tensive, and their combinations would be practically limitless. 
В Fortunately, nature has furnished us another means of 
Isolating the effects of heredity and environment. Although 
It is impossible to hope for completely identical or absolutely 
different environments, or for completely different heredities, 
We can obtain identical heredities. Identical twins have de- 
Yeloped from the same original zygote. Their genotype being 
identical in all respects, any differences between them must 
be due to environmental factors. The converse, however, 
that their similarities are entirely due to their genetic iden- 


tity, is an error we should beware of, for they have also expe- 
i : . 922 

"lenced the same uterine environment: 22 generally they have 

22 Just wh: i dst in the uterine environment is clear 

at differences can exist 1n [2° | Jud 

fom the fact that “Mongolian” idiocy, which is perhaps а Mee aera 
NC fi < i inci rin i ts born very late 1 

inds expression principally in infan b es ed ic acis NOS 


„childbearing period. In other words, the conditi 
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TABLE III 


Minerals Vitamins Amino Acids 


Calcium A (ог precursor carotene) Cystine or methionine 
Chlorine B, (thiamin) . Histidine 
Copper ` B, (riboflavin) Isoleucine 
Iodine avidin Leucine 
Iron biotin (vitamin H) Lysine 
Magnesium choline Phenylalanine 
Manganese folic acid Threonine 
Phosphorus inositol Tryptophane 
Potassium nicotinic acid (pellagra 
Sodium preventative) Fats | 
Sulfur . pantothenic acid An unsaturated fatty 
Zinc para-amino benzoic acid acid (such as lino!eic 
B, (pyridoxine) acid) (vitamin F?) 
C (ascorbic acid) 
D (calciferol) 
E (antisterility) 
K (antihemorraghic) 
Lis L; (liver filtrate) 
А Р (citrine) 


ame family; and, being of the 

often inseparable companions: 
Cá Я Ч ts 

О as similar social environmen 


1 . H 1 
of their separation, particularly 
е 
- Some years ago Johannes Lange: 


in a woman's prime 
different to settle w 


- iently 

Pproaching menopause are APO or 
SIDA Ё affliction will manifest itself. As 

oe twins, tw ts enter in. The fusion of their ieii 

ТАК : 5 m 

cog vessels may X і qualities in their nutrition. The amm. 

mechanism of the Single indiv: turbed by its partition between s is 

lency of mirror-imagery between one-cgg Bp 

i pressure may also play Ro Ri 

tent to account for those 515. 


sufficiently po Mm 
» Weight, head shape, and inte 


tics as height 
vins exhibit, 
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of Munich, made a very interesting study of twins with 
criminal records.2? He examined thirty pairs of twins, in 
each of which one member had been imprisoned. Thirteen 
of these pairs were identical and seventeen were fraternal 
and like-sexed. Upon investigation, it turned out that in 
ten of the identical pairs the other twin had been imprisoned 
too; while in only two of the fraternal pairs was this true. 
Moreover, the case studies showed that in practically every 
instance the crimes committed by identical twins were simi- 
lar in nature and arose from resemblances in talents, sexual 
tendencies, weak will, or alcoholism. The conclusion that 
crime is the unfortunate destiny of some individuals is weak- 
ened, however, when we consider once again the close simi- 
larity of the environments of two identical twins. 

Among these twins there was one pair, the Schweizer twins, 
Ferdinand and Luitpold, who were reared apart from the 
age of eight under considerably different conditions. Luit- 
Pold received affection and good care, but showed himself 


"responsible and ungrateful both toward his foster parents 


and at school and, later, in marital relations. Ferdinand was 


badly treated and severely disciplined by his foster parents, 
and did well in school. Then he ran away to his grandmother, 
Who was hopelessly indulgent, and thereafter he showed him- 
Self completely irresponsible and immoral. Luitpold later 
Married a woman of domineering will and energy who man- 
aged to keep him at regular work and away from bad com- 
Panions, and under restraint he: has become “goodnatured 
d socially agreeable, popular, cheer- 
ful, and musical. As a husband he is most considerate. He is 
80 sentimental that he often cries in church.” “4 But withal 


his wife does not trust him. The brothers clearly share per- 
and require rigid discipline to 
k will-power and irrespon- 


a 
and tender, generous, an 


Sonalities very much alike, 
Supply the defects of their own wea 


= L estiny. 
T Johannes. Crime and Destiny. 


24 * 
Op. cit., pp. 162-163. 


Boni Paper Books, New York, 
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sibility. Evidently the differences in their environment have 
not created any marked difference in them in this respect, 
although their fate as adult citizens shows such a striking 
contrast. Yet we wonder about the common influences of 
their first eight years—are not these years, after all, the most 


important ones in the develo 


pment of personality and char- 
acter? 
The most recent 


" 25 
and extensive survey of our problem 
is a summary of stud 


les of fifty pairs of identical twins reared 
together, fifty pairs of like-sexed fraternal twins reared to- 
gether, and nineteen pairs of identical twins 
Of the latter, seventeen p 
months of age, 


reared apart. 
airs were separated before eighteen 
one pair at three years, and one pair at 506 
The degree of separation ranged from complete to one in 
which the twins lived a few miles apart and attended the 
same high school for three years. Five Judges rated the en- 
vironmental differences as moderate for fifteen pairs, extreme 
only for four pairs, 

When identical twins reared together are compared with 
those reared apart—a coniparison suited to measure the 
potency of environmental differences—physical traits such 


as finger-ridge count, stature, head Measures, and weight 


are found to be least affected by the environment; intelli- 


gence, somewhat more; educational achievement, still more; 
and personality or temperament, most of all. Of course, tO 
some extent this seriation is due to the fact that our measures 
of these traits become less .valid in the same order. Yet it 
15 significant that the estimated degrees of difference in the 
environments were found to be strongly correlated with "Ue 
Scores of the twins, For example, estimated differences i” 
schooling were correlated with measures of educationa 
-91; differences in schooling 
intelligence somewhat less. 


i ith 
al twins reared together are compared wit 


ly 
ewman, H. Н., Freeman, F, N. d Hoki Twins: А Stud 
of Heredity and Envi М, an olzinger, K. Te 


vironment, University of Chicago Press, 1937. 


achievement 


When identic 


25 N 
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fraternal twins reared together—this time the potency of 
hereditary differences is being measured—the greatest differ- 
ences are found in the physical traits, and the seriation is 
as in the preceding comparison but reversed in order. The 
relative potencies of heredity and environment in the two 
sets of comparisons are in fact just the reciprocals of each 
other. This means that we can never find a fixed ratio that 
will apply either to all traits or to all conditions. It is only 
possible to determine the degree of difference that a single 
change in an otherwise common environment can make in 
a particular trait developing in a particular genotype. It 
would be possible, for instance, to take the Dionne quintu- 
plets—who are almost certainly identical—and in their other- 
Wise remarkably similar environments determine the effect 
of supplying some of them, but not the others, with an excess 
of vitamins A, B,, С, and D (or any four) as compared with 
the amount the average child gets. Any finding, however, 
would be true only for their particular genotype and their 
“standard” environment; and the experiments would need to 
be repeated on many sets of identical sibs before valid gen- 
eralizations could be drawn. This isa dréam for some utopla, 
where all identical sibs would, because of their unique value 
to society, be reared as wards of the state. y | 
Meanwhile our study suggests that the relative potencies 


of heredity and environment depend largely on the compara- 
c and environmental differences 


tive magnitud the geneti a : 
in TE situation. When the genetic {сере A 
large and the environments are similar, the genes ела у 
responsible for the result. When the ien eue ш 
slight and the environmental large, the шере of the ацет 
predominates. No doubt this sm. Yet by үшин 
Such studies until far larger numbers of cases orks been col- 
lected, we may at last arrive at a statistically relia at alae 
of the extent to which our various environments, as rg 
Contribute to the nongenetic differences of our population. 
And this will surely be worth w 


is a trui 


hile. 
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This chapter has dealt solely with the inextricable charac- 


ter of the roles of genes and extrinsic factors in the course of 


development. It now remains for us to trace that course, 


reading into it, as we go along, this biochemical and bio- 
physical substratum we have just reviewed. 


M 
Pips "= 
A 2 MS 

HW 


* CALCUTTA! 
CHAPTER V ` 5x eg [А г> 


From Potentialities to Realization 


EFORE launching into the complexities of human devel- 


opment, certain general principles that will aid in un- 


derstanding its character need to be made clear. In the first 
place, development is a progress toward greater effectiveness, 
brought about through an increase in the number of associ- 
ated life-units and by a division of labor among them. Con- 
comitantly, their mutual dependence increases. They must 


Submit to a loss of independence in order to become welded 
The several steps in this process include 
an increase in cell number by mitosis; 


(2) cell movements, important in modifying form and organi- 
zation; (3) cell differentiation and specialization, leading to 
the production of tissues; (4) the combination of tissues into 
organs; and (5) the correlation of parts and their integration 
Into a working organism. 
. As pointed out in Chapter IV, the course of development 
15 determined by the interactions of genes with one another 
and with their cytoplasmic environment, which is in turn 


j Я Ч in low 
Subiect to the stimulation of the external environment. Now 
instance after instance 


in the course of development there 1$ 

Where foresight appears to be exercised. Structures develop 
© E к 

ahead of the need for them; they have reached a functional 


level before there is a demand for their functioning. Eyes 


develop in the total darkness of the mother's womb, hands 
form and structure before manipulation 
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Into an organism. 
(1) growth, through 


апа feet attain their 
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or support are needed, kidneys develop while juega es x 
effectively disposed of otherwise, and lungs are rea T = 
breathing air at birth, although of no use beforehand. т 
can this be explained without attributing foresight to mer 
chemical substances, assuredly all that genes are? 

Genes, it may be recalled, are subject to mutation, and mis 
majority of all mutations are detrimental. Sufficiently ene 
aging changes weed themselves out; their possessors nev 
reach maturity, neyer leave offspring. Even less deleterious 
changes, if they lower viability or fertility, will in time disap- 
pear from the population, or be held to a low frequency. 
The result, as Charles Darwin pointed out in The Origin of 
Species by Natural Selection, is that hereditary types which 
show superior adaptation to their environments will tend to 
survive. In modern terms, most of the genes present at any 


ls of a species are those that have 
selection throughout. numberless 
tems of genes as would lead to the 
mature individuals, capable of pro- 
Would ever be able to ins 
others become extinct. 
refore to b 


stood the test of natural 
generations, Only such Sys 
complete development of 
ducing offspring, 


ure their own 
continuance. АП 


by the foresight of 
Scne-molecules; it is the product of natural selection. Never- 
of foresight in development is there, 4 
purpose. Only by keeping the ner 
stantly in mind is it possible to avo! 
teleology, | 


р s, in 
à common fund of genes, нё 
€ other genes which differentiate them. P 
ated the Species are, the more genes they W1 


$ 3 15 
possess in common, In terms of development, this mea! 
that all organisms of comm 


Оп ancestry start their йе 
ment in much the same Way. The developmental patterns 


the remotely related diverge first, those of the closely relate 
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remain parallel up to late stages. Conversely, we-recognize 
these similarities in structural and developmental pattern— 
these homologies, as they are called—as evidences of common 
ancestry. 

All related organisins tend to pass through similar levels of 
complexity in organization. However, since mutations are 
not limited in their effects to adult stages, the larval or em- 
bryonic stages may also come to differ. Only those aspects of 
development upon which vital later steps depend are so fun- 
damental that any gross modification of them would neces- 
Sarily prove fatal. In spite of the modifications, then, the 
general levels of organization through which related organ- 
isms pass in the course of their development are recognizably 
Similar. Development may be likened to a great highway 
upon which all organisms start out together. The highway 
forks into roads, the roads into paths, the paths into faint 
trails. First in crowds, then in smaller groups, and finally one 
by one, the other organisms leave us. Some wander off up 
other routes of specialization than ours. Others halt at, some 
Particular stage of the journey, inaking only minor special- 
ized adaptations for carrying on their lives successfully at this 


level of development. 

„The latter types ha 
biologists. A series representing 
Organization customarily forms t 1 
zoology. The Ameba, the Hydra, the flatworm Planaria and 


the roundworm Ascaris, the common earthworm Lumbricus, 
es and vertebrates—the lancelet Amphi- 


oxus, the lamprey, the dogfish and the frog, the reptile (or 


the chick) and the cat—these form a classical series exempli- 
fying different levels of organization from one-celled proto- 
zoan to mammal. When it was discovered, in the last cen- 
tury, that man and other mammals in their individual 


development pass through a similar series of develópmental 
came of added interest. 


level b 
5, the study of these types 5€ А | 
It is, of course, trué that none of these modern formis rèp- 


ve long been of profound interest to 
the major levels of animal 


he backbone of courses in 
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resents exactly either a level of our own development or any 
particular ancestor in our human lineage. Nevertheless, a 
study of their more general features will serve to clarify many 
peculiarities of our own course of development. Whatever 
develops at a more complex level is necessarily a modification 
of the organization characteristic of the simpler level. As a 
consequence, some structures appearing during development 
seem to be entirely useless—merely 


“reminiscent of ancestral 
conditions”; certain other p 


arts, of use to the embryo, are 
later replaced by more effective organs in the adult. Struc- 
tures of both these types may either 
throughout life as vestigial organs. 


the latter have been listed for man. 
abandon their 


either with or 
tions. 


disappear or may persist 
Nearly two hundred of 
Organs of a third group 
ancestral function, are retained in the adult 
without modification, and acquire new func- 


Since the ancestors of the human species are extinct, we are 


forced to rely on these modern forms to illustrate the effec- 
tiveness as well as the limitations of the particular levels of 
organization characteristic 9f our own individual develop- 
ment. At appropriate points, then, these forms will be intro- 
duced for the sake of comparison, in the belief that such 


studies are of rea] value in enabling us to understand the 
character of human development 


CLEAVAGE—CELL MULTIPLICATION 


: t 
| The earliest phase of growth and development does A 
itself result in any division of labor—not, at least, in any tha 


is visible. But it does lay the groundwork for a future divi- 
sion of labor, Repeated 


tion of the units ( 


cell, the zygote, 
life activities. T 


с> ivide 
: he more cells an individual becomes divid 
Into, the greater 


the potentiality for specialization. 


° 
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ks out just as it does in human society. 
An isolated man must carry on all his essential activities by 
himself, and these take so much of his time and effort that 
he has little left for nonessentials. In larger, yet still isolated 
communities, the division of labor can be carried out to some 
extent. Finally, a national or international group, with its 
highly specialized division of labor, has such efficiency that 
all essentials can be cared for by the labor of a minority. 

Cell division during development is regularly mitotic. 
Mitosis provides every cell with chromosomes which are 
duplicates of those in the parent cells. Every cell thus gets 
Its full diploid quota of genes, made up of the set originally 
brought in by the sperm and the set present 1n the egg. No 


Matter how different the various body cells come to be 
with rare exceptions, all 


through specialization, they ате, ‹ 
alike in their genes. They have the same hereditary pattern, 
à likeness which is the foundation of coordination among 
them. 

This fact raises a serious problem, however. If all the cells 
carry the same genes, what makes them develop differently, 
One becoming a muscle cell, another а brain cell, another 
a liver cell, and so on? This question represents one ah the 
Major unsolved problems of embryology- The ols ir 
Considered in Chapter IV, appears to lie 1n the MEA i 
the genes with their enyironment. The genes alter mie жа 
acteristics of the cytoplasm, and localized i dms in Р 
cytoplasm then control the further action of the genes. a 
Example, some of the pigment-produans exe be cater 
than others during development. The secon ne cai 
they produce may be so localized in the cell that a UA 
division will distribute them Vo unequally to the new cells. 

here is clear evidence that this happens: 

К нке Ур ay the stored food Gol жешчү 
distributed in the egg. The nucleus and most з І S 
Plasm are at one end (the animal pole) and the yolk is at the 


is maturing, the cells 
other (the vegetal pole © 


The principle wor 


j. When the egg 1 
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produced are very unequal in size, as you may recall. This a 
because the spindle is oriented perpendicuiarly to = 21 
face of the egg, and the cell formed at the outer end с a 
spindle is cut off with just a nucleus and a little To. 
It is a polar body. Such a division resuits in keeping а : 
stored food, so necessary for the growth of the embryo, in on 


Meiosis Cleavage 


Yolk 
A B 


] Я " : " iosis: B, at 
Fic. 63. Characteristic orientation of the spindle in eggs. A, at meiosis; B, 
the beginning of cleavage, 


cell. At the beginning of embryonic growth, however, the 
Each of the early cells те 
food and other substances. 
amount of yolk, the € 
rily oriented parallel to the cell surface, P 
thus passes from animal pole to vegeta 
al division (Fig. 63). А 
€cond division also runs from the с, 
cgetal, but at right angles to the first. d 
right angles to the first two: 


pole, effecting an equ 
The plane of the 5 
mal pole to the у 


Чсе eight cells (Fig. 64). d 

5, with the cells becoming smaller an 
after six or seven successive divisions, АЗ 
© is a little ball of tiny cells, all together ant 
e one original cell. Up to this point there a 
tically no Srowth—that commences later. onion 
has merely portioned out the various substances presen e 
the egg. The divisions haye been leisurely, four to (ме 


smaller, until, 
human embry 
larger than th 
been prac 


„ә 
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hours apart, so that the berry-like embryo is now, about two 
days old. . 


micrographs by Lewis 
A, two-celled stage (30 
showing polar bodies and unsuccessful sperms. B, 


eight-celled stage (50 hours 
Courtesy of W. B.. 


Fic. 64. Cleavage of the living monkey ovum (photo 
and Hartmann; magnification about 180 diameters). 


[ош after ovulation), 
Our-celled stage (38 hours alter ovulation). C, 
after ovulation). (From Arey's Developmental Anatomy. 


Saunders Company) 


At some stage in this process, as we know from other 
animals, the cells begin to lose their independence. This 
тау be earlier in one species, slater in another. It can be 
demonstrated in a simple way. If the cells are separated from 
One another, either experimentally or accidentally, while 


there are still just a few (four or even more), each of these iso- 
necessary to go ahead and de- 


lated cells possesses all that is І 
velop into a complete individual. Since all stich isolated cells 
that originate from a single zygote carry identical hereditary 
patterns, they develop into individuals that differ only by rea- 
son of exposure to varying environmental conditions. They 
are identical twins, triplets, quadruplets, ог quintuplets, de- 
Pending upon the number of isolated and surviving cells. 
Some time later, however, separation of the zygote into single 


Cells, or even into groups of cells, will result in only partial 
other monsters arise, strug- 


development. Half-embryos and 
gle along for a while—then perish. The parts of the embryo 
other and, when sepa- 


have b ean 
ecome dependent upon 0" ат 
fated, cannot supply their respective deficiencies. The prod- 
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ucts of some of the early-acting genes have already been 
localized, and it is too late to begin over, 

In short, even before there is 
among the cells, there are clear 
independent of one another. 
potentialities. The division of 
has begun. 

This may be illustrated among 
organisms, which never get beyond these early stages in de- 


velopment. In Chapter I we traced the increasing division 
of labor in the green algae of the Volvox family. There we 
saw that, as the number of cells in the cell cluster or colony 
increases, they lose their independence, First, their freedom 
of movement is sacrificed; then, by division of labor, some 
become solely vegetative (somatic) cells, others retain the 
capacity to reproduce, 

Cleavage further reinfor 


any visible differentiation 
signs that they are no longer 
They have acquired different 
labor, though as yet invisible, 


some of the more lowly 


ces the nuclear control over the 
activities of the cytoplasm. Since by cell division the nucleus 
is multiplied many fold, while the Cytoplasm remains prac- 
tically' the same in volume during cleavage, the ratio of 


Cytoplasm to nuclear material in each cel] drops tremendously 
(from about 400 : 1 to about rite a 


Finally, there has been a tremendous increase in the pre: 


Portion of surface to volume, for the volume is still what it 
was to begin with, but each of the several hundred tiny cells 
in the embryo now has a full Surface of its own. Let us not 
forget that the surface of a cell, its membrane, in other words, 
Is the gateway through which all substances enter or leave 
the cell, n the other hand, represents the 
ance which must be nourished. The 
relation between them is, therefore, of enormous importance, 
as we have already seen in Our study of mitosis. Since, dur- 
ing the growth of a cell, its volume increases very much 
faster than its Surface, the cell must soon reach a limit at 


$e * x + E 1 
Which its membrane cannot transmit substances fast enougl 
to maintain the Protoplasm within. 
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a з : 
Needed о 
the surface area ce ae i d D ps ecd 
with its irregular shape, Ё es " га үт. 

g ape, furnishes a good example. On the 
other hand, permanent shape and more or less streamlined 
form are necessary for rapid locomotion, and a groove or 
two are the only increases of surface that such speedy one- 
celled organisms as Paramecium are provided with. A few 
one-celled plants, able to get along without much move- 
ment, have solved the difficulty by acquiring a shape in which 
all their protoplasm is spread in a thin layer about a great 
cavity filled with sap. These are the largest of all cells, aside 
from yolk-crammed eggs—but the shape has its disadvantages. 

By far the most general outcome of the surface-volume 
problem is cell division. It may be combined with any of the 
previously mentioned devices, for many cells in complex or- 
ganisms are very irregular in shape—nerve cells, for example 
—while plant cells are quite generally hollow, with a thin 
rim of protoplasm around a great vacuole full of cell sap. 
But the principal advantage secured by cell division—the 
multiplication into distinct units varying in their content of 


ocalized substances and hence capable of diverse specializa- 


ti MTS - a 
ола it the nearly universal basis of growth, as we 
have found it to be of reproduction. 


GROWTH BEGINS—THE HOLLOW BALL 


As the number of cells in the tiny spherical embryo con- 
and the cells consequently become smaller 
are internal in position. These, 


to be sure, have no lack of food, for an adequate supply has 


been stored up for all. On the other hand, an internal posi- 
tion is unfavorable for access to охугеп, and would make 


difficulties in the elimination of wastes. Distribution through 


Cells is difficult, relatively slow, and inefficient. 
The next change in the mode of development provides a 


Unues to increase, 
and smaller, some naturally 
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solution for this difficulty. Almost from the beginning the 
inner cells begin to move outward and to assume more 


favorable locations near the surface of the sphere. (It is now 
called a blastula.) 


This change has several consequences. In the first place, 


it leaves the center of the embryo hollow. The cavity is 
y the embryo from its surround- 
ings as rapidly as it grows, and this fluid forms an admirable 
means for the distribution of materials, since diffusion and 
ar more rapid than in cytoplasm 
the movement of the inner cells 


The blastula is ca growth, more cells can be 


maintained, and there is a Corresponding increase in the 
capacity for Specialization, 


We can see how thi 


| 5 works out in Volvox (Fig. 7E), which 
is characteristic of th 


s € developmental level of the blastula. 
Fach individua] оп the surface of the hollow ball, which at- 
tains the size of 4 Pin’s head, rather closely resembles the 
individuals making up the colonies of its simpler relatives 
(Fig. 65). Each has two whiplike flagella, and green chloro- 
plasts enable it, like other plants, to synthesize its own food. 
Each cell ‘is thus nutritively independent of all others in the 
Sroup, but is bound to them by the jelly-like secreted capsule 

i envelope of the hollow ball. Moreover: 
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Vegetative > 


, се 
Reproductive 7 


to show vegetative and repro- 


Fic. 65. Part of a globular Volvox colony, 
ductive cells. 
€ach cell sends out projections which make contact with 
those of neighboring cells and enable communication to take 
place. We have already noted that the reproductive capacity 
is yet further restricted than in simpler relatives. 

Here we can add coordination to the growing dependence 
and the correlative division of labor among the cells seen in 
the simpler members of this group of algae. The more funda- 
Mental life activities, nutrition, respiration, excretion, and dis- 
tribution, we shall find, are surrendered to specialization last 
of all, and even then but incompletely. Every cell cayries on 
à certain amount of this generalized metabolism. In the blas- 
tula itself there is no evidence of cell specialization at all. 

At this level of organization, OY earlier, we are forced to 


Consider the question of individuality. Just when does the 
cells become so great that 


mutual dependence of associated о grea 
We should cease thinking of them as separate individuals, 
and begin to consider them as units in a greater whole, the 
organism? 

The change from 
plete units, as in the four-ce 


a cluster or colony of individually com- 
lled embryo or the simpler algae 


of the Volvox family, into an individual made up of special- 
ized and mutually dependent cells, as 1n the blastula or 
Volvox, is a gradual one. To set at any particular point the 
transition between the colony of distinct individuals and the 
larger organism must be arbitrary. Volvox, for instance, 
we may consider equally well as a colony of EU algae 
Or as an organism of relatively unspecialized cells. 
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There isa striking analogy between this situation and the 
relation between each of us and our social group. We insist 
on regarding ourselves as individuals, although human =з 
tural development has long passed the stage when peop e 
were even moderately independent. Civilization, like all 
other kinds of development, has grown up partly through the 
greater efficiency proceeding from our specialization, through 
a division of labor among us. Our 
be regarded as an organism itself, o 
while our cells 


social system might thus 
Е which we are the units, 
‚ if they could think, might prefer to regard 
themselves as individuals in a society. 

There are, to be sure, differences between the relation о! 
our cells to us and our rela 
they as fundamental as w 


and out of them, into the spaces be 


E. 3 j 
tween the cells, wherever their own nature and the stimul 


to which they respond direct them. 

Are we more free to follow 
us know the force of economic 
spheres of labor, While we ex 
picking a vocation 
our innate 


our fancies? At least most of 
limitations that tie us to Ou? 
ercise more or less choice i? 
» We certainly are limited in this, too, S 
ability, by our training, and by the availability O 
8 other things. The distinction of free will b€ 


+ 1 1 
comes very tenuous as we examine it. Nor must we blindly 
conclude that ај] social 


ne ior 
t as completely in their peor 
à à à " 
that is, ultimately, by their genes) as w 


In our Society, 


ты. "айй 
we, the members, are born and die, 
others take our pl 


$ є Ў 50, 
aces while our social group lives on. 
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too, within our bodies, cells are formed, live, and perish, 
their places then to be filled by others, their work to be 
taken over, or, occasionally, to prove an irreparable loss. 
Human societies, too, have ended and will end quite as we 
die, or as an ant hill is wiped out by deluge or famine. From 
Such parallels as these, the biologist is led to see that, just as 
each man and woman may be studied as a society of cells, 
so а social group may be considered as a higher organism. 
This is not the whole truth, to be sure. On each level of 
organization, new and as yet unpredictable qualities emerge. 
Nevertheless, just as a man’s life activities are clarified and 
rendered intelligible through our knowledge of the cell, so 
too our understanding of the social “organism” should be 
based on our scientific study of lower hierarchies of organi- 
zation. The biologist who knows his own dependence upon 
Physics, chemistry, and mathematics is eager for a history 
that will portray man as at once the evolving creature and 
maker of his biological environment,' and for a view of our 
social problems that will take,into account the bidlogical 


laws of the organism. 


An organism may be regarded 
units labor in harmony for the common good. The cells in 


Our bodies carry a common genetic pattern which underlies 
the harmony of their behavior, to this end. The social organ- 
ism has no genes and no mitosis. It must rely instead upon 
105 culture pattern, acting in а thousand formative ways upon 
€ach newcomer to the group. In this realm at least, the trans- 
Mission of acquired characteristics is a fact. We may, indeed, 
be thankful that it is, for it renders our culture pattern adapt- 
able—far more susceptible to change than man’s genetic pat- 


tern, which is essentially the same today as a hundred thou- 
sand years ago. But is the culture pattern strong enough to 


of view by a historian, see 
11 University (Stanford 


as an organism because its 


of this point 


hee 
For an excellent development 
Becker, of Corne 


Progress and Power, by Carl Т. 
Niversity Press, 1936). A 
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hold us, through education and tradition, to the ape 
degree? Or is it in irresoluble conflict with our individua 
tendencies toward self-willed freedom and independence? 
These are questions we cannot answer today. We can € 
say with Donald Culross Peattie that "biologically considere - 
man is the sole being who has its destiny in its hands. An ^ 
few of his species feel any sense of social responsibility higher 
than the fundamental one of begetting children. Yet now 
and then, as the years pass, comes a Noguchi, Pasteur, 
Beethoven, Lincoln, Asoka, Marcus Aurelius, or Plato [ors 
we might add, a Christ]. They are humanity as it might be." 7 


THE HOLLOW BALL BECOMES A TWO-LAYERED SACK 


The hollow ball or blastul 
the process in a simple e 
we would soon see that 


а is growing. Were we to watch 
Bg containing relatively little yolk. 
this growth is uneven. The cells 
€come more and more active, grow 
t the vegetal pole lag far behind and 
frequently. The ball consequently 
lopsided (see Fig. 66). As the cells 
and, the cells from the vegetal pole 
he interior. These movements DE 
is first cuplike and then, as the lips 
(Such a process is called плав! 
g in to make a pocket.”) The for- 
bryo, or gastrula, as it is called, s 
888 which have yolk, except that ES 
formation of the pocket. In a frog $ 
derate amount of yolk, the IAE 
de of the yolk-filled cells of the vegeta 
h an enormous mass of yolk, such as 
fen quite ineffective except in a little 


э: = ә akes 
mal pole, and the invagination tak 
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Mim. 


QW 


that transforms the hollow blastula 
animals. The embryos are repre- 
Animal poles are at the bottom, 
rtesy of Prentice-Hall, 


24 s stages of the invagination 
sented veh ike gastrula, as seen, in many 
Кышы halves to show their interiors. i 

al at the top. (From Goldschmidt's Ascaris. Cou 


Inc) 
n 


е 
D. H . E 
s at one side of this. In any event, the result is the same: 
ne layers of cells are produced, an inner and. an outer; and 
te embryo has acquired а cavity open to the exterior, as 
shown in Fig. 66. 
The outer layer, which we с 


OS n 
р еа to the external environment, 
Which become specialized to respond to various sorts of ex- 


ternal stimulation and to coordinate the behavior of the 
Organism. In other words, this means (1) the outer layer of 
the skin; (2) its products, such as our hair, nails, the enamel 
ОЁ our teeth, sweat, oil, and milk glands, and, in other ani- 
mals, feathers and parts of scales; (3) major parts of the sense 


Organs; and (4) the entire nervou 
ie he inner layer, or endoderm, ; 

1€ opening to the exterior. This space is to bec 
digestive cavity. The endoderm consequently forms mainly 


all the ectoderm, being ex- 
comprises those cells 


s system. 
lines the new cavity with 
ome the 
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the inner layer of the digestive system, with cells реси 
in secreting mucus or various digestive enzymes, or a не. 
sorbing the digested food. However, we shall see late: t p 
quite a nümber of other important organs grow from yt 
pouches or pockets. In birds’ eggs, the endoderm, with $ 
ectoderm on top of it, at first lies like a disk on top of t 

great ball of yolk. Gradually this disk w 
the surface of the yolk until finall 
it, making what is know 
quite a w. 


ill extend down over 
y it will completely enclose 
nas the yolk sack. But this will take 
hile. In the meantime, the endoderm has pm 
begun its work of digesting the yolk and transferring foot 
to the overlying cells of the ectoderm. 

Now in human embryos 


: er mam- 
‚ and, of course, in other ma 
malian embryos likewise 


‚3 
» there is very little stored Lm 
Perhaps we should expect the human embryo to form ш 
a blastula and then а gastrula, in the way a frog does, аша 
the egg of the latter also has rather little yolk. However 
this is not the course of our development. On the road 
we develop in а manner reminiscent of a chick or pre 
and not like a frog. quite as though we carried a lot of yo! ' 
or had once, and had never broken ourselves of still develoP 
ing in the immemorial way. 
After we have reached the be 
that we have a distinct outer | 
than the inner m 
inner m 


rry-like stage, it can be e 
ayer of cells. This grows d 
ass, opening up a cavity between them, ке 
855 remaining attached to the outer layer at d 
animal pole (Fig. 674). This stage is comparable to the bla 
tula of a reptile or bird with its yolk removed. e 

Meanwhile, after à week or less of development, we "a 
moved slowly down our mother's Fallopian tube, at йя 
upper end of which we originated as zygotes by oe 
and have now reached her uterus (womb). Here, at аре 

3 Опе niight note here another instance of what is apparently forcsig 


eg sup” 
The human embryo has need for only a little yolk, as it will shortly be * 


t 
: ; ist oun 
plied with food through a connection with its mother’s body. The am 


it stores as an egg is correlated with what it will need later. 
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Fic. 67. Sections through 
three stages іп the early 
development of tlie rhesus 
monkey (Масасиѕ rhesus), 
photomicrographs, magnifi- 
cation about 150 diameters. 
A, at nine days. A hollow 
sphere (blastocyst) with ап 
inner cell mass at one pole; 
not yet implanted in the 
uterus, D, at ten days. Im- 
plantation has occurred, and 
the outer sphere has par- 
tially collapsed. The inner 
cell mass of ectoderm has 
become hollow, forming the 
amniotic cavity (Ас). Be- 
neath the ectoderm appears 
the first thin sheet of endo- 
dermal cells. С, at thirteen 
days, showing only the im- 
mediate vicinity of the em- 
bryo proper. At Ac, the 
amniotic cavity; at Ys, the 
empty yolk sack; between 
them, the embryonic disk of 
the embryo, made up of a 
layer of ectoderm (above) 
and a layer of endoderm (be- 
neath). Be, the cavity of the 
blastocyst; Ut, tissues of the 
uterine mucosa; BL, blood 
Jakes containing blood cells. 
(From Streeter and Heuser. 
Courtesy of Carnegie Insti- 
tution of Washington) 
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our tenth day of existence, we become firmly implanted ur 
the surface layer of the uterus, which has meanwhile dé 
a great deal thicker, and has acquired an extraordinarily A: 
blood supply. Finally we burrow into and are quite coverec 


over by the growth of this surfa 


я е 
се layer of the uterus, th 
uterine mucosa. 


The inner cell mass lies buried deepest. 
rm from this inner cell mass alone, and Hos 
from the outer sphere of cells, which serves another function. 
From the latter there shortly grow out little rootlike poe 
tions of cells, which imbed themselves deep in the mother 3 
tissues. Meanwhile quite a large Space has opened up in ps 
uterine mucosa about US, а space connected with our mother's 
blood vessels and filled with nourishing blood. Very early we 
are thus bathed in a lake of blood, from which oxygen an 

dissolved foodstuffs (sugar, amino acids, and so forth) can 
diffuse into our own fluid-filled central cavity and body cells, 


While our wastes (carbon dioxide, urea, and so forth) will di 
fuse in the reverse direction, i 


er of thin cells above + 
nar cells below (Fig, 67B). The latter see 
out into a thick plate of cells, the embryonic disk from baie 
our body proper wil] develop. The rest of the inner cell mas 


and hollow ball at this stage w 


kd 


р 
OTENTIALITIES TO REALIZATION 239 


An animal which develops only to the level 
of the two-layered sack 


tees coe 
mental stage of the gastrula. One of i euer 
ihe d e gastrula. One o these is the phylum of 
prd | ut since they very peculiarly turn themselves 

y inside out during their development, they can 


Mouth 


Tentacle 


Gastrovascular 
Cavity 


mal built on the plan of the 


Fic. 68. p 
68. The Hydra, a simple, fresh-water ani 
from Buchanan's Elements of 


tWo-layey, 

Pu edi sack, (Redrawn with modifications 
Ву. Courtesy of Harper & Brothers) 

А better one is provided 

which includes jellyfishes, 

the relatively sim- 


gun serve as a typical example. 

d the phylum of the coelenterates, 
i anemones, corals, and, among others, 

P'e fresh-water polyp, Hydra (Fig. 68). 

t The Hydra is, indeed, except for the crowning fringe of 
€ntacles around the mouth, remarkably like a gastrula.* 


4 j 
; * The Hydra, it is true, does not attain its gastrula-like organization by 


Invapi B 
an @gination. The endoderm is formed from the ectoderm of the blastula by 
e, thus providing a deeper layer 


inw; 
cen movement of cells from the surfac а де 
the ectoderm. Later, at the vegetal pole, an opening 15 formed. 
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These téntacles, too, are simply projections of the = 
body. It is not in the general organization of the pee, 
the Hydra surpasses the gastrula, but in the degree of spec E е 
zation which the cells attain. Let us see just how effectiv и 
division of labor is possible among the cells when the bo i 
plan is simply that of two layers enclosing a cavity open 2 
one end to the exterior. | eset vail 
The gastrovascular cavity, as it is called, is a very us ik 
thing. Since it has an opening to the outside, food can di 
taken into it and partially digested there, relieving each Es 
of the necessity of entirely digesting its own food interna a 
Since every cell, too, has a surface exposed either to the ош i 
fluid environment or to the inner, excretion and € 
are simple matters requiring no specialization beyond t^ 


mechanisms of the single cell. With these handled directly: 
and with currents in the central cavi 
parts, there is no need for 
cializ 


: ji 
ty supplying food to 18 
; S ^ pe- 
special means of distribution. 5] Я 


‘ation is correspondingly limited to the activities of gon 
tion,’ sensation, coordination, response, protection, and 1 

production. ‚ che 
The provision of two layers, to begin with, enables ге 
outer layer, in contact with the environment, to аво 
in the functions of protection and food-getting, while re 
inner layer, exposed to the internal cavity, specializes 11 o: 
various digestive functions, Besides this, both layers h@ 


А or 
. : Ae n 
certain kinds of Specialized cells, adapted for sensatio! 
coordination, or for movement, 


In addition to all these, e 


from which the specialized 
ectod 


cell, 


ses lls 
ach layer has unspecialized C° 


ч e 
i п th 

cells develop. Such a cell її erve 

erm may differentiate into a sensory cell, or into a B 


ive 
: A M. : :-4 s protecti" 
or Into a stinging cell, or into a cell which is prote 


Some biologists believe this is the more 
and that invagination evolved later, as 
as it may, the Hydra is clearly а two-la 
an excellent example of Specializ; 


ane tion 
primitive mode of gastrula oa t 
a developmental short cut. a 
Yered sack when mature, and 4 
‘ation on this level of organization. 
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at its outer end and contractile like a muscle cell at,its inner 
end. A simiiar cell in the endoderm may differentiate into 
à gland cell which secretes slimy mucus and digestive en- 
zymes; or into sensory or nerve cells; or into cells muscle-like 
at their bases and, at the other end, producing flagella that 
lash the food about in the central cavity, as well as pseudo- 
pods that engulf food, as does an ameba, for internal diges- 
tion, 3 
Coordinated behavior arises from the fact that the nerve 
cells communicate with their neighbors by means of the 
branches which each extends out from its cell body. Thus 
ver the whole organism there is a network of nerve cells, in 
contact with one another as well as with the sensory cells on 


the one hand and the muscle cells on the other. Yet there is 
r even any provision for 


nothino h x 
othing recognizable as a brain, no 
Only around the mouth 


centralized control over behavior. 
nerve cells are especially abundant. 

Hydra reproduces both sexually and asexually. Sex organs 
are formed from the undifferentiated cells of the ectoderm 
at certain seasons of the year, and the same polyp may pro- 
duce both eges and sperms. The rest of the year the polyp 
Simply puts out buds from its body. The unspecialized cells 
Ma bud proceed to generate a new Hydra, mouth, tentacles, 
and all, its cavity at first communicating with that of the par- 
sna Eventually the cavity is closed off, the tissues are pinched 
away from the parent's, and the offspring becomes inde- 
Pendent. 

The two-layered sack stage of de 
“pable of considerable differentiation. 
metry, implying lack of a head and the abs 
Nervous control, and the lack of any provision for internal 
transport have limited the behavior and the size of those ani- 
mals which have retained this general plan of organjzation. 
-ocomotion is slow and laborious, adaptability is slight, and 
ife at all is possible only in an aqueous environment. 


velopment is evidently 
Yet the radial sym- 
sence of central 
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r Р Б 
THE MIDDLE LAYER—PROVISION FOR SPECIALIZED DISTRIB 
TION, EXCRETION, AND MOVEMENT 


" " stage 
In our own development, we may recall, the gastrula 5 в. 
; s rou 
is greatly modified. Nevertheless, there is a tiny canal throug 
the ectoderm providing an opening 
Stretching in one direction from t 
a shallow groove in a narrow 


from the digestive cavity: 
his opening there forms 
thickened band where ectoderm 
and endoderm meet and merge into undifferentiated tissue. 
This is the primitive streak. 
another shallow groove in 
the beginning of our cent 
it does in the frog. 

If we were to watch a frog or 
oping within its transparent co; 
great external change ap 
was complete. At the li 
cavity a shallow groove 
what in the future will 
and deepens; folds m 
one another, 


4 . ics runs 
In the opposite ier н 
: 1 
a thickened band of cells, whic 3 
г ing just 
ral nervous system, forming just 2 


salamander embryo ide 
at of jelly, we would sec a 
pearing not long after the gastt E 
р of the opening into the centi? 
appears, running forward cona 
develop into the head. It lengther 


ay in both directions (see Fig- p 
has produced a tube extending ар i 
bulb at the head. Thus, there 0! d 
he spinal cord and brain, making 

m. yal 
the primitive streak and the pe 
mark out the primary axis of the P3 д 
Chapter IV (pp. 192 £.), the formano 
neural tube in the cells located at he 
re of the gastrula was described. а is 
the embryo of a mammal ог bir cde 
'elation to the neural tube, and be 
àt it produces the organizer of the nc" 
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tube. It is therefore generally regarded as a structure homolo- 
gous to the dorsal lip of the pore of the gastrula, although 
superficially it looks very different. 

Another important thing about the primitive streak is that 
from it on either side there begins to arise a third layer of cells 
(Fig. 69). This lies between the ectoderm and the endoderm. 
It is the mesoderm, which provides most of the bulk of our 
body, for from it come muscles and bone, cartilage and 


Ectoderm Primitive Mesoderm 
Groove 


Primitive Streak 


шай Proliferating Mesoderm 


Fig, 69. A transverse slice across a human embryo, showing how the meso- 
derm Brows from the primitive streak. Note that the cells in the three layers 
аге already different in character. Magnified about 150 diameters. (From 
Arey's Developmental Anatomy, after Streeter, Courtesy of W. В. Saunders 
Company) 

9 


Connective tissues, heart, blood yessels and blood, kidneys, 
reproductive organs, and the deeper layer of our skin. 


An animal which gets no farther in general 
development than mesoderm formation . 

Under stones in our streams and ponds there may often 
be found numbers of small flatworms (Fig. 70), each gliding 
Smoothly over the rock like a snail. Unlike Hydra and its 
Telatives, this creature obviously has a head, with a couple 
ОЁ projecting lobes on the sides and two eyes, appearing rather 


Crossed, between them. i 

A line drawn from the tip of the snout to the tip of the 
tail would divide this animal into two halves, each side a 
Mirror-image of the other. In other words, the flatworm is 
bilaterally symmetrical. Аз а consequence, it has а front end, 
a "head," and the sensory organs tend to be concentrated 
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ч 
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у. QU 
Fic. 70. A, Planaria, а flatworm, В, one of the flatworm's pus 
"flame," cells, (Redrawn with Modifications from Guyer's Animal Bioret 
ed. 2, Courtesy of Harper 


& Brothers) 
here where the an 


: imal can be 
1ts approach towar 


f 
o 
informed most promptly 
d food or q 


; "ward. 
anger as it moves forwar 


urn to right or left. o» 
ег, comes from cilia ae 
hich beat in a film of mucus Pen 
on the under surface, Like a cat 


urface, w 
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Em s the flatworm thus supplies its own roadway.) 
ты te ue a portion of the digestive cavity 
; 1, thus forming a pharynx, useful for sucking 
11 the food. а 
еня mn in the mesoderm specialize for excretion; for 
Brant M is mesoderm, there are cells away from the sur- 
don ne ps for the disposal of whose wastes special pro- 
P Capo "^ € made. "These special excretory cells lie at the 
With n a branching system of tubes which communicates 

he external surface of the worm. Each one of these 


cel ; ыы s s : 
ls has a big tuft of cilia flickering like a flame in the duct, 
at sweep the wastes down the 


an 5 ; 
d thus producing currents th 
ason they are called 


ducts and out of the body. (For this re 
ше cells.") Opposite the "flame," each excretory cell 
н а branches which project among the other cells 

he mesoderm and into the spaces between them, and 


there collect the wastes. 

aoe of the mesoderm cells, however, 
hey assist in the distribution of materials, 

9f them can at need turn into the various kind 

Cells. Because of this, if we cut a flatworm into bits, each 

part will be able to regenerate what it lacks, and can develop 


int 3 E ANTO. E 
О a perfect individual. 

. There is also considerably more advanced specialization 
П ectoderm and endoderm than 1n Hydra. There are vari- 


9us kinds of sensory cells, taste is present, and the simple 
eyes we have already mentioned provide a response to light, 
although they cannot form an image. The nerve cells are 
Organized into two long chains. with cross-connections like 
AR of a ladder; and HE ус nd pisi 
nerve cells. These 247240, as they are ; 

Cast by their position the brain of higher animals. 

The digestive cavity is a sack lined with endoderm, as in 
Нудна. ‘Sometimes thé шоп КАР the noue More fre- 
quently it is in the middle of the underside (see proboscis), 


and the digestive cavity branches to all parts of the body, as- 


are unspecialized. 
and at least many 
s of specialized 
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sisting in the growing problem of internal distribution of 
materials. х Р { 
Reproductive organs of both sexes develop in ee, 
worm, as in the polyps. They are really the most гене" 
of all the systems. There are numerous testes, Liege - 
sperms, at the ends of a branching System of gus rime 
to the penis and genital pore. There is also a pair : пера 
which produce eggs, at the ends of long ducts into whic a 57 
numerous yolk and shell glands; and there is a pouc imd 
which the penis of another worm enters for the can Ws 
sperms. It is worth noticing that even hermaphroditic x 
mals like the flatworm rarely fertilize their own eggs. es 
as with us, inbreeding would result in the homozygous me, 
tion of any recessive genes, and most of these, as we ai 
from many organisms, if not from the flatworm, are hat "— 
To sum up, a flatworm is far closer to our type of 019 É 
zation than a polyp is. Its main advances аге: (1) ш 
symmetry, including an emergent head; (2) mid 
cluding specialized excretory and muscle cells; (3) a соге di- 
nervous system running thc length of the body, with an 10 


Д ) " s s al- 
cation of a brain. Life on this level of development has 2 
ready become surprisingly complex. 


THE MEMBRANES ОЕ THE EMBRY 


O—EARLY PROVISION 
FOR OUR NOURISH 


MENT, RESPIRATION, EXCRETION, 
AND PROTECTION 
We have seen how 
in the lining, 
our outer layer 
into the mate 
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derm. In this fluid-filled cavity, the coelom, the embryo and 
its yolk sack dangle from the outer sphere by means of the 
body stalk (Fig. 71). 

The outer layer formed in this fashion by the fusion of 
ectoderm and mesoderm is the chorion. It not only serves to 
protect and anchor us, but acts as the primary organ which 


Yolk Sack — i Amnion 
Extra-embryonic 
Costar Я и Embryo 


oik Amniotic 
ack Cavity : 


Fic. 71. Diagrammatic cross sections through early human embryos, together 


with their membranes. 4, at approximately twelve days old. Amniotic cavity 
and yolk sack are present. B, at approximately fifteen days old. Villi are 


just beginning to grow out from the chorion. C, at approximately twenty 
days old. The villi are well developed all over the surface of the chorion. 


Tissues: ectoderm, black; endoderm, medium gray; mesoderm, pale gray. 


c nourishment, respiration, and dis- 
posal of wastes, through exchange with the mother’s blood to 
which it is exposed. Later а large part of the chorion con- 
tributes toward the formation of the placenta (see р. 252). 
Within the inner mass of ectoderm a small cavity also ap- 
pears, at the age of about ten days. This rapidly inzreases in 
Size, and lengthens as the embryo does. The walls and roof 
thin out to a mere membrane, ectoderm on the inside, meso- 


cares for our embryoni 


J 
d © GENES AND THE MAN 
. to 
derm outside, remaining attached only at the hind “i ы 
the chorion above. This membrane is the ag н 
attachment to the chorion is the body stalk, a ie the 
of the umbilical cord which runs from our en a fluid, 
placenta. The cavity of the amnion fills up Eee 97 
clear and watery, and this cradles our developing body, 
forms the floor of the cavity. | g ‘ise as a 
In reptiles and birds the amnion and chorion ап ipe 
fold of the body wall extending all around the embry xibryó 
then growing up and over until it meets on top of the er nel 
and encloses it. In our development the same end is atta F 
by the appearance and enlargement of one cavity ds 
inner mass of ectoderm, and of another in the meso dd 
Here is an example where our development has paid 
short cut and become more straightforward when compa 
with egg-laying animals. om- 
Next to the chorion is the great cavity (or coelom), c "^ 
pletely lined by mesoderm. In the lower animals, as s o 
Worms ? or segmented Worms, for instance, such a cavity mci 
great value. In roundworms, which have no circulatory ss о 
the coelom provides ап easy channel for the Fees 
dissolved foodstuffs and gases (oxygen and carbon dioxt the 
In both roundworms and Segmented worms it serves yr 
collection and disposal of wastes, For us, as for the o 
higher vertebrates, most of this cav 
proper and is gradually elimin 
amnion. As for the part that j 
side walls of the bod 
with our e] 


he 
ch organs as lungs. 

and contract, 

DOW covered with a ] 
Object that the b 
no inner lay 
Fora 
ichard 


and stomach may expand derm 
The endoderm, ot 
is " 
weve 
ound” 


ayer of me 
5 The zdologist may 


à true coelom. It has 
it plays the same role, 
worm see Ascaris, by R 


ody cavity in round wore 
€r of mesoderm. Functionally, p 
popular study of biology based on me 1937)" 
Goldschmidt (Prentice-Hall, New York, 
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which will later provide muscles for moving food, through 
the digestive tube, lengthens out into a hollow gut, quite 
empty. Strangely enough, the lower part of this gut continues 
to grow out as a sack enclosing an imaginary mass of yolk, 
and, at the age of three and one-half weeks, is approximately 
as large as the whole body of the embryo (Fig. 72). 


Secum 0 pem 


Gill £ 
Furrows £ 


- Upper Jaw 


~ Lower Jaw 


ue DNE. Де 
i Dareus qu Sack 


{ weeks old. (Redrawn with 
у, after His. Courtesy of 


and one-hal! 
Anatom 


Fi 9 

zn 78. Human embryo about three 

weiBcationg from Arey's Developmental 
- B. Saunders Company) 

size at six weeks, the yolk sack 


After reaching a maximum А : 
ler and smaller in proportion 


Stops growing and becomes smal : or 
to the rest of the body- Finally it is gathered into the umbili- 
cal cord, the scar of which is the navel. Could any better 
example of the uselessness of certain features of our develop- 
ment be offered? Why do we © produce a structure 
Whose value we can explain ОП s of its usefulness to 
animals which develop from © a lot of yolk— 
fishes, frogs, reptiles, and birds 


ontinue to 
ly in term 
ggs containing 
> Why have we genes, to put 
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it in other terms, which regulate our development along и 
suitable not to our condition but to that of more шга 
forms? Why, if not that along with our apa di 
"human" genes we have others we might better call “В 
"reptile" genes? Ee 
This Spi an isolated example. The very next npe 
to be discussed presents similar features, and we Ey: we 
into many more examples of a lack of straightforward c pd 
opment. Before we are so much as three weeks old, een 
sack begins to protrude from our gut behind the yol үа 
and to grow up into the body stalk. This is the ШШШ, 
Two large arteries and a, big vein accompany it and g es 
on into the chorion. Here the blood coursing through Бе 
arteries is distributed into branches running down into be 
rootlike projections of the chorion, and thence into a myr ei 
of exceedingly tiny, microscopic vessels with very thin Mire 
called capillaries, From these it is gathered into ste 
of the big vein, and so goes back toward the heart. W e 
these blood vessels play an important part in carrying i 
the necessary exchange of food, oxygen, and wastes betwe 


eae -aduall 
us and our mother's blood, the allantois itself gradua y 
dwindles away. 


When we are between six 


that part of the gut behind t 
allantois, und, 


аса, 
and seven weeks old the clo 


3 : func 
5 modified portion of the cloaca 

tions as our urinary bladder, uite 
ау of developing a bladder seems 4 


s birds 
е turn for enlightenment to the eggs 
H H " s o 
and reptiles. Animals which develop on land within °g 


я d f breath- 
Tequire, just as much as the Test Of us, some means О 
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ing and disposing of wastes before they hatch. How does а 
chick breathe when inside an egg? We know enough already 
to realize that a large surface will need to be exposed, if the 
exchange of gases is to be adequate. How is this provided? 
The answer is—the allantois. This bladder, with its great 
blood vessels, grows until it fills all the space between the 
amnion and chorion. It fuses with the latter and, thus, comes 
to lie just under the shell, exposing the blood to the air over 
as large an area as possible. Moreover, the protein wastes 
of the body can be deposited in the allantois where they will 
do no harm to the developing embryo. Later, quite as in our 
development, the cloaca is partitioned and the allantoic part 
serves in adulthood as the urinary bladder. But in the primi- 
tive fishes and the amphibia the cloaca is never divided. The 
urine, the reproductive cells, and the waste fecal matter min- 
gle there, and are voided through a common opening. 

Here again we have run into a phase of our development 
Which we can interpret only in terms of usefulness to more 
primitive forms of life. It is a$ though we had started our 
development under the delusion that we were to pass through 
it like a chick, and then suddenly came to а realization 
that instead we were sheltered within our mother's womb, 
and had to readapt ourselves as efficiently as possible to new 
modes of securing food and oxygen and of disposing of 
Wastes. This, of course, cannot be so. There is no conscious, 
but rather a purely automatic, control over development. 
Then why does our genetic pattern. shape our development 
along lines useless and inefficient to US: though of value to 
more primitive animals? It can only be, as pointed out in шу 
introduction to this chapter, that our present genetic pattern 
15 a modification of a less advanced ancestral pattern that was 


jt i f all its marvelous 
adapted to different condition Io 


s. In sp! 
adaptation to life and growth within the uterus, our develop- 
ment manifestly shows that these features 


are but super- 
imposed on the ancient status of the yolk-crammed egg laid 
and then left to its own resources: 
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The amnion later swells tremendously, filling all the : i 

able space between our chorion and our body. Arounc 4 

body stalk and yolk sack it forms a sheath, binding them : 

i ili i whi e oute 

gether into the umbilical cord (Fig. 73). Meanw hile th oe 
half of the chorion has become quite bald, the rootlike gro 


" ; still 
continuing to dévelop only where, as we grow, they 
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Fic. 73. Diagrams of hum: ith their membranes, to show 
enlargement of the amnion presses the 


л he 
yolk sack and body stalk Cen six 
form the umbilical сога, A, at about four Weeks of age. В, at abo 
weeks of age. 
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an embryos w 


remain in contact 
of contact is finall 
up of the brancl 
ing lakes of m 
the uterus, w 


with the lining of the uterus. This e 
Y reduced to a platter-like structure ma d- 
ling growths from the chorion, the paar oi 
aternal blood, апа the underlying tissues jc 
ith their abundant blood supply. This t ned 
ture, made partly from the embryo, partly from the mot? 

is the placenta, chief organ of our embryonic life. 
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-THE DEVELOPMENT OF FORM 


Third week 

We have run somewhat ahead of our story in taking up the 
final development of the embryonic membranes—now to go 
back and notice a few things that have been happening in 
the meantime. 

When we are about two and a half weeks old, the floor of 
the cavity roofed by the amnion is still quite disk-shaped. It 
is from this disk that our body will form. But growth is pro- 
ceeding rapidly only at one end of it, so that the disk soon 
becomes pointed and elongated. The primitive streak ap- 
pears in this region of rapid growth, with the pore into the 
gut at its anterior end. The amnion meanwhile has separated 
from the chorion everywhere along the top except at the 
Posterior end of the embryonic disk, so that the body stalk is 
here. In just a day or two our length doubles, while there 
is no increase in width (Fig. 74)- 

Next, the region in front of the pore beg 
rapidly than the hinder part, and the relative positions of 
the pore and the primitive streak are thus pushed farther 
and farther back. From the pore а shallow neural groove 
extends forward toward the head, and just under this groove 
a long rod of mesoderm grows forward from the front lip 
of the pore. At this time, too, we begin to get some thickness 
to our bodies. No longer so nearly like a plate spread on 
top of the yolk sack, the body stands out above it like a 
Cylinder, slightly sway-backed in the middle. 

The side walls of the body roll in underneath and cut off 


à tubular portion of the gut cavity from the yolk sack, leav- 
і Ју іп the center. At front and 


ube lengthen until they touch 
a thin membrane. These will 


outh and anus. 
een mentioned already in 


А 
ins to grow more 


rear the tips of this digestive t 
the body surface, leaving only 
Eventually rupture to open up m 

The roundworm, which has b 
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connection with the body cavity ( 
sentative of an animal which stops on this general level г, 
development. It has а digestive tuhe, running all throug ? 
the body from mouth to anus, and a body cavity, ША 
the outer). The nervous syst¢™ 
erside, and is not a hollow tube 


see p. 248), is a fair терї, 


more complex segmented worms are hermaphr oditic. 
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Fourth week 


During the fourth week of our lives important develop- 


ments come thick and fast. 

(1) The neural groove running forward from the pore 
deepens, folds grow up along it and arch over toward one 
another, finally fusing to make a tube, the rudiment of the 
spinal cord. In front the tube broadens out into three suc 
cessive bulges, which take longer to close. These vesicles are 
the three original parts of the prain: forebrain, midbrain, and 


hindbrain. 

(2) Underneath the neural tube, 
growing forward from the pore is nov 
forerunner of the backbone, and runs 
into the head. Tough, though not bo 
velops a good deal later—this notochord, as 
first skeletal structure to appear. 

(3) Mesoderm lying to the si 
to be divided into blocklike segme 
right and left. These first show. up J 
brain; and, as the neural tube progres 
the direction of the tail, the paired segmen 
it. By the end of the week the entire thirty- 
appeared (Fig. 75)- 

(4) Blood vessels, blood, and a 
the mesoderm. 

(5) In the head and neck region small tubes grow in the 
mesoderm, a pair to every pair of segments. At one end each 

urns toward 


tube opens into the body cavity; at the other, it t 
the rear and grows until it meets the tube in the next seg- 


ment, thus forming a duct which soon connects all the tubes 
оп one side of the body (sce Fig. 84: P 283). These are ex- 
back until they empty 


Cretory tubules. The two ducts grow 
into the cloaca. . 
Earthworms and their marine relatives halt at a similar 
Stage of the developmental journey- They are obviously seg- 


the rod of mesoderm 
v complete. It is the 
from the tail well up 
ny—for bone first de- 
it is called, is the 


des of the notochord begins 
nts, arranged in pairs to 
just back of the^hind- 
sively closes over in 
ts keep pace with 
eight pairs have 


heart begin to develop from 


“GENES AND THE MAN 


[4 D E 
Fic. 75. Body form in earl 
nineteen days old (magnified 
ments and a deep neural gro 
39 diameters). C, with 7 segi 
diameters). р 
25 diameters), E, with 19 segi 


side. (From Arey's Developmental Anat- 
- B. Saunders Company) 


mented, and they have д well-developed circulatory syste™, 


with blood, arteries, veins, and even pulsating vessels that do 
the work of a heart. They also have a pair of excretory tU- 
bules in each segment. These open into the body cavity at 
one end, like Ours; at the other, however, while they pass Юю 
the rear, they open separately through the body wall instea 


ET 5 ide 
of forming two continuous ducts, each opening to the outsid 
at one point only. 


0 r TA ү" 
Farthworms, however, like roundworms, have their n€ 


п the ventral (belly) side instead 0 
ike ours; and they have no trace 0 
a notochord. A Notochord and a dorsal neural tube make 

i n the lowest members of the аб 
5, to which we belong. These giae 
ОЁ ours are queer enough, to be SU" 


and one of them is distinctly like а worm in outward aP“ 


pearance, 
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. If we continued to examine our embryonic development 
in this fashion, week by week, we would see again and again 
that various groups of animals which have been developing 
аз we do halt or pursue side lanes of specialization. In the 
little lancelet (Amphioxus), which looks like a fish without 
Jaws or paired fins, ears, or eyes, and has neither bones nor 
cartilages, there are not only a notochord and a dorsal neural 
tube but also several dozen gill slits, opening in pairs from 
the pharynx to the outside. This is a feature which we de- 
velop in our fourth week, although the pouches in our throat 
and the grooves which form in the skin above them are 
Separated by a thin membrane which is usually never rup- 
tured. Nor have we as many gill slits as the lancelet—only 
four furrows on each side are visible externally, and inside 
only five pairs of pouches can be counted (Fig. 76). 

k our eyes and internal ears appear, 
ad grow together to form jaws, 


two pairs of limb buds pop out, and, within the body, carti- 
lage (gristle) begins to form from parts of the mesederm. 
Here we part company with tlie sharks and rays. In our 
eighth week bone begins to form around the notochord 
in blocks—fishes share a backbone with us, but develop a 
Swim-bladder and fins as we go ОП to develop lungs and limbs. 
The amphibians—frogs, toads, newts, and salamanders—are 
kept close to water because their eggs must develop in it. 
They are not provided with an amnion to protect them oran 
allantois for respiration and excretion before hatching from 
the egg. Only reptiles, birds, and other mammals accompany 
us here, Finally, only mammals form а placenta for the pro- 
longed nourishment of the embryo within the mother's 
Uterus, grow hair, and produce mammary glands for suckling 


the young. 
Step by step we pass the st 


distinguishable from fish, from frogs: f 
from other mammals, and finally from the monkeys and 


Later in this same wee 
lateral projections on the hea 


ages where we become readily 
rom reptiles and birds, 


Internal 
Ear 


с = 18./mm. 


Fic. 76. Four stages in the de 
about four weeks old (4 


Y 
of Embryology, ed. 5, afte 
Courtesy of William Wood & Co.) e 


J 


threads of the plot in mind at once. 
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apes. When two months old, we are recognizably human, 
although our proportions are anything but what they are 
later. The furrows in the neck have disappeared, and the 
tail, so prominent at six weeks, is about gone. Our head 
is still as large as the rest of our body, with very weak 
chin, flat nose, and eyes far apart. But it is definitely a face 
and not a monstrous caricature. There are tiny fingers and 
toes on the limbs, and before the end of another month 
Sex can be readily distinguished. Muscles, too, begin to 
twitch and gain strength through exercise at this time. 
From now on the outward changes are mostly in propor- 
tion, because of altering rates of growth in different parts 
of'the body. There is, of course, an enormous increase in 
Size and weight, for at the eighth week we weigh only one 
gram (1/28 oz.) and from crown to heels measure slightly 
more than an inch, while at birth we are on the average 3,300 
times as heavy and seventeen times as long. Yet, asa matter 
of fact, we actually grow more and more slowly, for while we 
Still have most of our weight to put on, it is steadily less in 
comparison with the total. During the first month of our 
growth we increase our weight about 40,000 times; during 
the last month before birth, we increase it by only a little 


over one third! 


ADEQUATE DISTRIBUTION—A CIRCULATORY SYSTEM 


Up to this point we have traced the major events in our 


development in a single sequence, but now the stage becomes 


Overcrowded and it grows ever more difficult to keep all the 
It seems better to con- 


Sider each great life problem separately, and to see how each 


in turn is met. | 

The first system in our bodies to reach a functional level 
is neither the digestive nor the nervous system, even though 
these, as we have seen, are started much before any others. 


або GENES AND THE MAN 


The reason for their tardiness lies in the special provision for 
nutrition, respiration, and excretion made for all mammalian 
embryos through the placenta. There is no significant need 
for a system to digest food that enters our bodies from our 
mother’s blood already predigested. Nor is there need for a 
system to coordinate responses before any effective means 
of making responses has developed! There is, however, from 
very early in our growth a need for an effective carrier of 


dissolved foods, oxygen, and wastes. The first system to begin 


circulatory system. З 
= : ү, 
rm splits and forms а body cavit 


The blood 


The i ; in- 

tie duis Itself is composed principally of water cont 

© озо аы salts, in, Concentrations strikingly $T, 
Sea water; (p) dissolved foodstuffs and wastes 


colloida] protei 
ems, amon tk 1 for 
E , h Я le Е 
capacity of the Blovi 8 them those responsib various 


: to clot А to : 
disease » ànd the resistances 15 
(d) the jmd ОТ the allergies to various foods or pM 
bating bacteria types of white blood cells, helpful in o 
function jg ons; and (е) the red blood cells: with 


: Oxygen t i union rag 
e Hemoglobin иена thes 


the 


1 invasi 


a 
mesoderm 2 Jm бар ate produced in the unspe^ jo 
ing week (th the body and in the blood vessels; tHE "come 
weeks later nies » the factory shifts to the i gl? ү 
o 
take over; ang s the thymus, and the lymph ° дел 


he third month, with the deve 
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of the long bones, the red bone marrow within them be- 
comes the main source of the red blood cells, and after 
birth the only source of all types of blood cells. An inter- 
esting fact is that the first red blood cells are released into the 
blood stream while still large and nucleated, like those of 
fishes. These give place to a type with a smaller nucleus, like 
those of reptiles and birds, and only in the liver is there pro- 
duced for the first time the mammalian type, which loses its 
nucleus before it enters the circulation and thereafter cannot 
undergo mitosis. 

When and where the blood proteins are first produced isa 
Matter of doubt. Later, the liver is their chief source; but 
Some kinds come from the ameboid cells of the spleen, lymph 
tissues, red bone marrow, and the epithelium of sinuses and 
blood vessels, At all events, it is certain that, although the 
Capacity to produce is present, actual production in many 
Instances (immunities, allergies, and so forth) occurs only 
after exposure to the antigen, a foreign protein substance. 
The capacity of the blood to clot is also slow in developing. 
An infant’s blood clots poorly until eight days after birth, 
and not with normal speed for about a year. This incapacity 
is sometimes fatal at birth, for the squeezing which the skull 
Must undergo in passing through the pelvic ring of the mother 
Often results in small brain hemorrhages, particularly in the 
Prematurely born. An estimated one fourth of all birth in- 
Juries are due to this. For some time it has been known that 
Vitamin K, found most abundantly in spinach and alfalfa, but 
Scarce even there, is necessary for the production of norinal 
amounts of prothrombin, опе of the substances requisite for 
Clotting. Feeding the vitamin to an expectant mother or to 
the newborn infant is effective in speeding up the develop- 
Ment of prothrombin, and so in bringing about normal clot- 
ting. We have here an excellent example of the way пт which 
а normal rate of development is conditioned by the abun- 
dance of a necessary raw material in the environment. 
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The blood vessels 


ер 1 
In the fourth week, the primitive vessels have developec 

into a symmetrically paired system, looping down over € 

yolk sack, then up into the head, and along the back towar 
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š * 3 3 seeks- 
Fic. 77. The human circulatory system at about three and one-half wee 


s B : r cross” 
Arteries are shown black or stippled; veins are shown in outline or cro 


hatched. (Redrawn with modifications from Arey's Developmental Anatomy, 
after Felix, Courtesy of W, B, Saunders Company) 
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all T i y 
Piles Agi dien IR iden d rs 
| 2 pic blood vessels 

the capillaries. These have such thin walls, no more than а 
sigle layer of very flat cells, that water and most iaoea 
substances can readily enter and leave the vessels. Thus the 
spaces between cells are filled with a fluid that is blood strained 
of its solids. From this fluid food and oxygen enter the cells 
by osmosis and wastes are received in return. 
а The circulatory system is at this time а single circuit. All 
ame heart шош the arteries i$ distributia to 
; placenta, passes through capillaries, is collected 
into veins, and returns to the heart. With each circuit some 
of the blood—that which goes to the placenta—is purified of 
Wastes, and receives a fresh supply of food and oxygen. Part 
of this blood, after returning to the heart, is sent to the body, 
but part of it is returned to the placenta. And each time, too, 
some of the blood, filled with wastes, and needing replenish- 
Ment of foods and oxygen, is, nevertheless, distributed again 
to the organs. This is certainly not very efficient, but still we 
manage to get along. ч 

The remainder of the development о 
tem is largely concerned with remode 
System. into an efficient double circuit. 
the body is pumped to the lungs for a fresh supply of o 


and all the blood from the lungs is pumped to the bod 
ake the place of the placenta in the 


f our circulatory sys- 
ling this ‘one-circuit 
All the blood from 
xygen, 


y. In 


this change the lungs t 
System. 

In some respects the single-circu 
than that which takes its place. А 
fusion of the two big arteries along the back into a single 
unk artery of the body. In front, how- 
ever, the double system persists. Through the fourth, fifth, 
sixth, and seventh weeks these paired loops, or arches, of the 
aorta go through an extraordinary transformation. They 
keep forming short cuts until there are five main pairs of 


it system is more complex 
n early simplification isa 


Опе, the aorta, or tr 
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i i i ront, 
arches, and even traces of a sixth. Meanwhile those in fr = 
i i Г eir wa 
like oxbows in а river which have been rok bed of their y 
by by-passes, dwindle away, either wholly or in part. 
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Fic. 78. Diagrams illustrating the successive changes in the human 

arches up to and after birth, 


М rs SUC: 
As seen from below (a ventral view), the system alters 
cessively as shown in Fig. 78. 


The first two 


; : erate 
pairs of aortic arches (1, 2) degen 
entirely, 


The dorsal connec 


Е . airs 
tons between the third and fourth p Я 
of aortic arches 


г 
(8, 4) degenerate, and thereafter the thi 
pair supplies blood only to the head. 

The right arch of the f 


ies 
ourth pair breaks away and suppl 
blood only to the right s 


houlder and arm. 
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The left arch of the fourth pair becomes the trunk artery, 


the dorsal aorta. 1 


The final or pulmonary pair disjoins so as to supply only 
the lungs. 


A spiral partition grows up the aorta, so that the pulmonary 
arches get blood from the right side of the heart, and the 


other arches from the left side. 


This extensive revision may appear quite incomprehensible 
to us. Yet there is a reason why it occurs in this fashion. We 
May notice, for example, that the digestive tube produces a 
pouch between each of these pairs of arterial arches, and that 
а corresponding pocket forms in the outer skin. These keep 
deepening until they nearly meet—only rarely do they break 
through to become perforations of the throat. And we may 
Notice that in the mesoderm alternating with these pouches 
and pockets supporting bars of cartilage develop. Now sup- 
Pose we look at a fish. We see at once that what we have been 
looking at is the exact arrangemant of a fish’s gills. Except 
that in a fish the pouches and pockets open all the way 
through, so that water swallowed through the mouth can exit 
through these holes in the neck, and except that the arteries 
branch into an intricate capillary system in the arches, and 
thus are able to exchange oxygen and carbon dioxide more 
effectively with the water, the arrangement is identical. | 

The conclusion is unavoidable. Our whole neck region, 
including these arterial arches just described, develops first 
in а fashion appropriate for а gill-breathing fish, and then is 
re-adapted by extensive remodeling for breathing in the air. 


The heart 

The heart, too, has been revised in the meantime. From a 
Simple pulsating blood vessel, it is first improved by:a devel 
pment into wa chambers. The first, receiving blood from 
ed; the second, at first nearest the 


the veins, is rather thin-wall 
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head, pumps the blood out through the arches, and its walls 
grow much thicker and more powerful. A valve which pre- 
vents any back-flow of the blood is formed where the trunk 
vein enters the heart, and another at the exit into the aorta. 
As the heart lengthens faster than the body, it becomes coiled 
into a complete loop, so that the ventricle, the thick-walled 
chamber, no longer lies nearest the head (Fig. 79). 


> сек of 
Fic. 79. Diagram of the human heart at the end of the fourth week pe 
development, when it is in a simple two-chambered condition, in the Bea 
TT] " : H i 5 
of a loup consisting of а chamber (atrium) into which the trunk vein (sin 


A f 4 ing 
venosus) empties through a valve, and a second chamber (ventricle) opening 
into the aorta, 


This two-chambered heart is as far as fishes ever get, except 
the lungfishes, and for the requirements of a fish it is ideal- 
All the blood from the body is pumped to the gills for 2 
fresh load of oxygen and a removal of carbon dioxide, before 
it passes to the organs of the body. 

М How сап such a pumping organ be transformed into 
Just as efficient for а double circuit? That is the problem 0 
our circulatory development, Blood from the body must, 
after birth, be Pumped to the lungs; and blood from p | 
lungs must be kept Separate and pumped out to the rest ° 
the body. This involves д division of the heart into essen 
tially two hearts, side by side. A partition grows dow? 
through the heart—its beginning may be seen in Fig. 79? 
the left of the Opening of the trunk vein. Another partitio? 
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grows up from the bottom of the ventricle and connects with 
the spiral partition which has separated the aorta from the 
arteries to the lungs. Valves then develop between the two 
chambers on each side of the heart. In this way blood from 
the left ventricle is pumped into the aorta and that from the 
right ventricle goes into the pulmonary (lung) arches. 

In the lungfishes and Amphibia (frogs and toads, newts and 
Salamanders), animals which have become only partially 
adapted to air-breathing, the first of these partitions forms, 
but the second does not. This is also true of most reptiles. 
Except for the Crocodilia, which have both partitions, al- 
though imperfect and perforated, only birds and mammals 
have four-chambered hearts. 

Before birth, however, our lungs are not functioning. 
Some blood goes to them, but much of what flows through 
the pulmonary arches passes through the still persisting con- 
nection to the aorta. The left side of the heart would there- 
and the aorta would also be rather 
empty, were it not that the partition between the two upper 
chambers of the heart remains incomplete, so that blood from 
the right side passes over to the left. As a matter of fact, there 
are actually two incomplete partitions, growing from oppo- 
Site sides, with their openings slightly overlapping (see Fig. 
80). Most of this blood passing through the openings in the 
partitions has come directly from the placenta and is well 
OXygenated. It is thus shunted directly to the head and body 
Without having to pass first through the lungs. — 

At birth, as the lungs are inflated, the connection of the 
Pulmonary arch on the left side to the dorsal aorta is shut off 


(see Fig. 78) and all the blood from the right side of the heart 
d returning from the lungs 


is shunted to the lungs. The bloo 1 
to the left side of the heart thereafter keeps the left auricle 
filled. The pressure against the tw 
Sether until they grow into one. The gap closes and the two 
Sides of the heart are thus completely separated. Whenever 


this ENT ; closed, the double circuit of 
gap remains incompletely 


fore receive less blood, 


о partitions holds them to- 
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Fic. 80. Diagram of the hum 


= i ; T ryo 
an heart in a six- to cight-weeks-old embry 
It is in a four-chambered cond 


ition, There is a double partition between i 
ith an oval aperture in it. The state as P б 
the exception that the trunk vein is taken de 
disappears and that the two pulmonary үс 
are absorbed by its growth past the po 
at four, instead of two, pulmonary veins enter me 
After birth the two Partitions between the ete 
assage of blood ‘vetween the latter is blocked, The er 
gh the heart, indicated by the arrows, remains essentia 


mature left auricle, 
coalesce, and the p: 
of the blood throu 
unchanged, 


the blood through the heart is imperfect. This happens p 
about one baby out of four, but only rarely is it so serious 
that enough blue blood leaks through from the right side tO 
the left to tinge with blue all the blood going to the body. 
These rare "blue babies," or "mourning babies," as they аге 


commonly called, usually die from lack of sufficient oxyge” 
in the blood going to the body. 


ADEQUATE NUTRITION 


nt 
We have already seen that after four weeks of блинов 
= . + ad- 
the digestive tube reaches from mouth to anus, with two jam 
der-like outgrowths, the yolk sack and allantois. Shortly а 


—A DIGESTIVE SYSTEM 
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rm the liver. It 


this a number of buds appear 
ing rise to a number of pouches (Fig. 81). O 
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и 81. Right half of a human embryo 
intestine has pushed a loop down into t 
become divided into rectum an 
like membrane surrounding the h 
(Redrawn with modifications from A 
Courtesy of W. B. Saunders Company) 


Rectum 


en weeks of age, after the 


at about sev 
and the cloaca has 


he umbilical cord 
al sinus. The pericardium is a sack- 
Magnification about 4% diameters. 


rey's Developmental Anatomy, after Mall. 


d urogenit 
cart. 


grows enormously and at nine weeks is by far the largest 
Organ in the body. It orows about the umbilical vein, which 
Є o 


then forms a meshwork of large thin-walled vessels within the 
liver. In this way the blood from the placenta, with its fresh 
load of food, is brought first to the organ which later assumes 
the function of changing 50887 into glycogen for temporary 
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Storage. ‘The veins from the intestine are also im wa eee 
a big vessel which runs through a similar meshwork of v esse a 
in the liver. Thus at birth all is ready for the digestive ge 
tem to supplant the placenta without upsetting the à 
developed for providing a temporary storage of carbohydra 
in the liver. 1 T 
The blood from the placenta or, after birth, from the ps 
intestine brings to the liver à supply of amino acids. eie 
of these as are required for the synthesis of proteins are et 
ried through the liver and distributed to the body cells. Bu 
amino acids are also used to supply energy through oxidation. 
Before the latter use can be made of them, the amino groups 
must be removed from the amino acid molecules. This 18 
done in the liver, апа ammonia is produced. The ammonia 
is then used in neutralizing various acids that are formed 1n 
metabolism. A large portion of the 
bon dioxide to form urea. This зу, 
the circulation back to the 
neys, whence it is excreted. 
These are not the sole fun 
one is its role as 
puscles can functi 


‚ eeni eap 
ammonia unites with х 
: ri ) 
aste product is carried А 7 
e kKi1d- 
placenta or, later on, to the k 


ctions of the liver. Another vital 
an excretory organ. The red blood ie 
on efficiently only for two or three wee f 
—then they “wear out” and must be replaced. The task is 
the removal of the aged ones falls to certain cells in the live" 
These, like the white blood cells, live and move freely about 
in the blood vessels. Unlike the white blood cells, they stay 
within the limits of the liver, and, instead of ingesting id 
teria, they prey "pon ageing and worn-out red blood cel У 
These are broken down, and, while the iron of the hemoglo 
bin is largely saved for re-use, other parts of the pigment are 


arily 
der, which stores the bile p ape 
r food enters the intestine from the st а 
ach, bile will be released and mixed with it. Organic salts 
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the bile help to break up fats into smaller droplets,»thus aid- 
ing the action of the digestive enzymes. 

Two other small pouches bud from the digestive tube 
close to the outgrowth that makes the liver and gall bladder. 
One is very close to the liver bud; the other is on the back 
side. These bend around until the glands that grow from 
them fuse into a single flat, lumpy pancreas. This gland has 
secreting cells which are ready to produce some of the prin- 
cipal enzymes used in digestion after birth. 

Other parts of the pancreas are of more immediate impor- 
tance. These are groups of gland cells, the islets of Langer- 
hans, which secrete their product into the blood rather than 
into the ducts leading to the intestine. This substance is 
insulin, and it regulates the concentration of sugar in the 
blood, both by controlling its use in the cells and by its stor- 
age, through conversion into glycogen, in the liver. 

Meanwhile the intestine itself has done some extensive 
Enns. At four weeks it curls directly or into ч ia 
Dut by f reeks i ethened so much faster than the 
body Аат i while the extension into the 
tail has disappeared. About halfway from the liver bud to 
the anus, a little pouch (the caecum) appears which marks the 
place where the small intestine will enter the large intestine. 
The tip of this little pouch become? the appendix. The yolk 
Sack is pinched off from the gut, and a partition separates the 
allantois and urinary bladder from the gut, as has already 
been described. At ten weeks the anal membrane ruptures, 
and the digestive system finally becomes а tube, the mouth 
having been opened considerably earlier. The layer of meso- 
derm around the digestive tube forms а double muscle lapse: 
With fibers running circularly and lengthwise. With rhyth- 
Mic wavelike contractions called peristalsis, these will push 
the contents of the intestine alon he food is digested and 


g ast на 
absorbed. Glands, too, аге formed in the үө Жо lining 
Of the intestine. Some of these; mainly in the la 


rge intestine, 
: Н i the intestine. (Water 
Secrete a slimy mucus which ]ubricates ( 
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is principally absorbed from the large intestine; and as the 
contents become more and more solid, additional lubrication 
is required.) In the small intestine the glands secrete intes- 
tinal digestive juice, containing enzymes complementary and 
supplementary to those of the pancreas.: i 

The lining of the small intestine becomes covered with 
millions of small projections that make it look like velvet. 
These are the villi, which will absorb the digested foodstuffs. 
They greatly increase the absorbing surface of the intestine. 
Each villus has a central vessel filled with lymph, a fluid essen- 
tially like blood plasma. All these lymph ducts are gathered 
into a great central duct which traverses abdomen and chest to 
enter the large vein from the left sħoulder, providing for future 
use a direct route to the center of distribution for the absorbed 
fatty acids and glycerin, quickly recombined into fats. Each 
villus also contains a capillary network which enables the 
sugars and amino acids, absorbed directly into the blood, to go 
immediately to the liver (see pp. 269-270). 

Above the buds of liver and pancreas a swelling in the 
digestive tube makes its appearance. This enlarges to form 
the stomach. Its inner lining becomes wrinkled and folded 
van morethan that sf the intestine and comes to contain 
thousands of gastric glands, able to secrete hydrochloric acid 
and the digestive enzyme pepsin, which begins the work of 
protein digestion. The stomach muscles wax extremely thick, 
and indicate what will be the chief action of the stomach on 
food, that of churning it and breaking it up mechanically 
into small particles which the digestive juices in the pret 
the junction of stomach and smal 
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when carried to the pancreas and liver, starts the flow of pan- 
creatic juice and bile from those organs. All of this digestive 
apparatus is ready for work before birth, although, to be sure, 
it can handle only milk at first, and must gradually become 
, accustomed to other foods. This is true for all mammals, but, 
as we have no doubt observed, the young of birds or lower 
vertebrates can handle adult foods immediately after hatching. 


The pharynx and its outgrowths 

e tube just back of the mouth is the 
pouches (Fig. 
gates in 


The part of the digestiv 
bharynx. It produces a number of important 
82). Hindmost of these is a ventral pouch which elon 
measure with the narrow esophagus, that part of the diges- 
tive tube connecting pharynx and stomach. During the fourth 
week this lengthening pouch forks, and the two buds on the 
ends rapidly enlarge into lungs. These will be discussed more 
fully in connection with respiration. 

In front of this, five pairs of pouches bud out on the sides 
of the pharynx, the largest pair nearest the mouth. These 
аге the gill pouches we have spoken of in connection with the 
aortic arches. Between the first pair of pouches another ven- 
tral pouch buds off to make the thyroid gland, which soon 
loses its connection with the pharynx. 
š We have, of course, no use for gill pouches as such. Dur- 
ing the second month of our development, they either are 
modified into useful structures Or degenerate entirely. The 
first pair of pouches, nearest the mouth, alone remains recog- 
nizable. These grow in length, keeping up with the thicken- 
ing of the head, until they form on each side a slender tube 
ending in a larger cavity just over the primitive ear. The cor- 
responding external pockets, or grooves, also deepen to form 
the ear pits. The region separating the ear pit and the inner 
Pouch becomes modified into an eardrum of three layers, two 
9f epithelium with a fibrous layer sandwiched in between 
them. After birth the Eustachian tubes from the pharynx to 
the ear cavity beneath the drum will be very useful in equal- 
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E pressure on the two sides of the eardrum, but 
Mdh = a шге of considerable trouble, since they pro- 
m rance for germs into the ear. Especially in babies, 
E these tubes are relatively short, this is the source of 
any earaches. j 
сози of the second pair of pouches grow the two 
vd E. F: E the sides of the pharynx. They are lymph 
— > у ite 1 there are great numbers in the body, and so 
z ually are not of vital importance. 
em denen E Pw pairs of pouches 
-512 оча 
to lie just behind ы БИП rae ee Ed pu 
the parathyroid glands, of vital i а 
Я м. glands, о Vital importance in controlling the 
ion of calcium in the blood. 
кы the hind tips of the third and fourth р: 
ee aw glands which fuse to make the large thymus. The 
n of this organ is somewhat of a mystery, as 1t 1$ largest 


befor . , E 
ore birth and steadily decreases in size thereafter. (Some- 


а it is so large it hinders breathing and must 
thought v Бу x-ray treatment to, avoid suffocation.) It is 
«roit: o regulate growth and development during the em- 
N period and infancy, for later its removal is not serious. 
T Heres. of importance is known to develop from the fifth 
pouches. 
а: all but the first pair, 
Pits fill in and disappear. 


airs of pouches 


the corresponding external grooves 


се Only rarely does the membrane 
is dq external groove and internal pouch rupture, so as 
Shien a hole entirely through the neck into the pharynx. 

imes a cyst in the neck is formed from incomplete 


obli k 
S Enon of one of the external clefts. 
he tongue forms as an extension of the muscular floor of 


th ; 

€ pharynx, and grows forward into the mouth. 

igestive tube breaks through 
th. It is at first just a hole. 


The mouth 


th In the fourth week of life the d 
€ body surface to form a mou 
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row from its 
jaws. Three pairs of pouches 3 poe will 
There are no jaws. ree pairs of salivary p > food for 
walls to make the ered! vimm in lubricating vea which 
ы i, | ө, ‘ontaining an enzyme, plyalin, 
swallowing and also « | s hs. Gland 
acts on starches. form at two and one-half mont “a hard, 
dem үле the mouth begin to secrete 
cells from the 8 


Gum i: 
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he seven ор 
а tooth—an incisor at t 


unc | 
vith moc ү. 
38 diameters. (Redr: oa of V 
Anatomy, after Tourneux. С 
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definite sequence, the middle incisors appearing first, in the 
und bits me month after birth, and then the lateral in- 
S, irst molars, and the canines. Last come the sec- 

e mkasa often not until the third year. Reptiles have 
a ir i^n of teeth’ which replace one another as their 
s are worn out, but we ourselves are limited to 

one replacement. The beginnings of the permanent teeth 
develop underneath the milk teeth and are already present 


or ‘ s " 
1e to three months before birth. The two extra molars of 


each jaw ar : А A 
ach jaw are developing even earlier, but the wisdom teeth 


are delayed until we are five years old, 

К, From the back of the future mouth a small pouch grows up 
against the brain and is shut off. A pouch grows down from 
ће brain just behind it, and the two together make up the 
Important pituitary gland, whose control over growth, female 
Sexual cycles, and other vital phenomena is of great impor- 
tance and will require a whole discussion for itself. 

Р А partition grows across the mouth from the sides, sepa- 
rating an upper nasal cavity from the mouth proper. This 
Partition is the palate. The nasal cavity connects with two 
Pits in the face to make the nostrils. The palate does not 
extend all the way back, so nasal cavity and mouth still 


с Е 
onnect at the beginning of the pharynx. 


ADEQUATE PROVISION FOR BREATHING AIR—THE 


RESPIRATORY SYSTEM 


Just as in the case of the digestive system, where we saw 
equipment for handling food provided long before the time 
When food first has to be handled—so here. A system for 
breathing air, for providing an adequate supply of oxygen 
to the blood, develops long before the moment when air first 
inflates the lungs, just after birth. 

Already the body has developed the rudiments of 4 more 
Primitive type of respiratory system, only to junk it. The 
aortic arches, the paired pouches along the pharynx, the cor- 
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responding external clefts, and the supporting bars of cartilage 
in the neck (of which more will be said in connection with 
the skeleton)—all these resemble parts of a gill system, like 
that of a fish, suitable for exchanging oxygen and carbon 
dioxide between blood and surrounding water. All the land, 
living, air-breathing animals develop a primitive gill system 
of this sort, and of them all only the amphibians ever use 1t 
for respiratory purposes during any stage of their lives. 

In following the development of the digestive system, W€ 
learned of the origin of windpipe and lungs from a ventral 
bud on the pharynx. Fishes, while they lack lungs, develop 
such a structure too, though rarely forked. In only a few 
of them, however, is it of any help in breathing; and 1” 
most it serves as an air bladder which, when filled, makes ће 
fish more buoyant, and when empty, heavier; and so helps the 
fish to rise or sink in the water with very little muscular exer 
tion. Its use asa lung depends mainly on an abundant blood 
supply, on a tremendous exposure of blood: to air in mult 
tudes of capillaries spreading over a great surface. Only 2 
few fishes, the lungfishes, are thus equipped. These M 
fresh-water fish, living in lands of frequent drought; s 
their ability to breathe air directly may frequently save the 
lives.9 

The development of our own lungs follows the lines just a 
dicated. The windpipe, or trachea, forks into two bronchi, a” 
these in turn branch into numerous bronchial tubes. Thes? 
branch again-and again to form the multitudes of pouches 
in the lungs. The pulmonary pair of aortic arches sends 4°” 
teries to these, arteries which branch into capillaries whos? 
thin walls make UP most of the surface of the air sacks. THYS 
once all the blood from the right side of the heart is шеи 
ПО the lungs—this, you remember, happens for the firs 
time at birth—all the blood making the circuit is exposed " 
the air in the lungs. In about twenty seconds tbe bles 


6H. W. Smith has wr 


ir place 
itte ini d their P. 
in philosophy in Като т еіспаішіпр1у of the lungfishes an 


ngo (Viking Press, New York, 1932). 
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coursing through the lungs makes the journey from the right 
side of the heart back to the left. In the remainder of each 
minute it makes the circuit of the body and is back at the 
heart again, ready for another trip to the lungs. During the 
twenty seconds in the lungs the blood must lose most of its 
content of carbon dioxide and pick up a fresh load of oxygen. 
Rapid work—it could be done only if the blood were ex- 
posed to a maximum extent. That means a lot of surface! 
The structure of the lungs is simply a means of exposing to 
the air as great a surface as possible, while keeping the organs 
reasonably compact and away from the danger of evaporation. 
The gas exchange takes place by diffusion. Oxygen will 
pass into the blood because it is less concentrated there; and 
Carbon dioxide will pass from the blood into the air, follow- 
ing its concentration gradient. Remember, however, that 
for substances to diffuse through a differentially permeable 
membrane, they must be dissolved. If the membrane, there- 
fore, were not moist, diffusion would stop. This is sufficient 
reason for the internal situation of the lungs. Were they as 
€Xposed to the air as are the gills-of a fish when it is taken 
Out of the water, they too would speedily dry up and the gas 
exchange would stop. This is why a fish suffocates in air. 
Because of the long passages through which the air must 
Pass before it reaches the lungs, twisting ways through the 
Moist nose, trachea, and bronchi, the air is thoroughly 
humidified before it reaches the air sacks, and has little dry- 
Ing effect; Nor is this the sole type of air conditioning pro- 
Vided. Certain cells lining the позе and trachea secrete slick 
mucus, which entraps dust particles and bacteria, while other 
cells, equipped with cilia, beat this phlegm up into the throat 
and nose where it can be eliminated. 
à Just back of the tongue grows 2 little 
tis. Every time we swallow, the larynx mo 
base of the tongue, and the back of the tongue pushes the 
*piglottis down over the opening tO the trachea, providing 
ап automatic guard against getting food into the lungs. "This 


flap called the epiglot- 
ves up under the 
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is also prevented by a potent set of nervous reflexes, which, 
whenever a crumb gets past the epiglottis, starts a vigorous 1 
coughing. The danger is not primarily one of suffocation, 
but of infection. The lungs, warm and moist, are ideal abodes 
(from the germ's point of view). Food nearly always сапча 
hordes of bacteria, and it becomes a matter of great impor 
tance to prevent their access to the delicate lungs. 

The danger of suffocation is prevented in another way 
Incomplete rings of cartilage develop one above the other, 
in the walls of the trachea and bronchi. These act as springs 
and serve to keep the passages always open. 


Voice production 


The upper part of the bud that produces the trachea we 
lungs becomes enlarged into a voice-box, the larynx. A ра! 
of folds grows from its sides. These are the vocal cords. be 
can be stretched through the pull of muscles on cartilages e 
the walls of the larynx. When they are taut, air passing к 
from the lungs causes them to vibrate and produce a peer 
Like strings, the tighter they are stretched, the higher pitche 
the sound. 

During adolescence the vocal cords lengthen and шскен, 
and the whole larynx enlarges, especially in males. к. 
responsible for the change in voice at this period; for 1 
longer and thicker a vibrating string, the deeper its i 

Sounds from the larynx are shaped by the regulatio? 5 
the mouth and throat into one or another of the e 
and the tongue, teeth, and lips provide the various stops ae 
call consonants. The resonance (tone quality) of a voice һе 
pends on the vibration of the sound in the nose, !n the 
sinuses (hollow Spaces) of cheekbones and forehead, in т , 
throat and chest. All these are under voluntary pow 
Which means years of effort and practice before we can r€? 
the pezk of skill in speech and singing. In the long 1046, 


а 
Я ae innlD5 
growth and development birth is but a bend, not a beg!” 
or an end. 
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Breathing 


he first time our vocal mechanism 1s used is when we 


are ushered from the warm, dark shelter of our mother's body 
into the harsh brightness and cold of a new world. The 
reflex reaction to gasp and cry at this moment provides the 
usual impulse that starts the breathing mechanism func- 
toning. 

The lungs themselves are not muscular. How is the air 


ir : : 
l them, then, constantly replenished from outside? А frog 


sit Е 3 а . А 
nply closes its nostrils and swallows a gulp of air, but this 
r greater needs. 


method would not be effective for ou 

The degree of inflation or deflation of the lungs depends 
on the equilibrium between their internal and external 
Pressure, Their internal pressure is virtually that of the 
atmosphere, over which we have no bodily control. Their 
external pressure, however, is that of the chest cavity in 


А they lie, and since this 1s sealed we can control it. 
М : А 

У upward and downward movements of the diaphragm, 

ating chest from abdomen, the 


а dome-shaped muscle separ 

Pressure in the chest cavity is varied. When chest pressure 
increases above atmospheric pressure, air is expelled from the 
lungs and they deflate. When it falls below atmospheric 
Pressure, air flows into the lungs and they are inflated. This 
Muscular diaphragm is а unique characteristic of mammals. 
lt develops from saron parts of the thin layer of mesoderm 
that lines the body cavity and forms slings supporting the 


r 
Internal organs. In all vertebrates there is a transverse parti- 
nding the heart [rom the re- 

In 


Чоп separating a space surrou i 
Mainder of the body cavity- both birds and mammals 
ап additional fold grows in from the sides and back of the 
coelom and separates off the chest and cavity; but only in 
Mammals do muscles grow into this membrane, chiefly by 


Migration from the neck, and convert it into an effective part 


of Е А : i - own develop- 
the breathing mechanism. Here again our О P 
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ment resembles that of a reptile, only to go considerably 
rther. J 
a 5 muscles work only when they contract, and the "ur 
traction of the diaphragm increases the volume of = c A 
cavity, the diaphragm produces only ińspiration aired x we 
piration occurs when the abdominal muscles — i 
push the internal organs up against the diaphragm. ribs 
task the diaphragm is assisted by the rib muscles. The in 
slant from the backbone down toward their attachments : 
the breastbone. When the muscles between them eee 
the ribs are pulled up in front, This deepens the ~~ p 
increases its capacity. The air pressure inside falls, an 
lungs correspondingly expand. . „к 
Some babies cry a lot, but we should recognize that "€ 
may have its advantages. After a system commences to er 
tion, its further development and growth are very larg of 
conditioned by the use it gets, and this is especially kw 
Systems under voluntary control, Hence the value of же 
and practice. As the baby is growing rapidly, its ae at 
needs are constantly greater, and vigorous exercise О 


: А : nd by 
breathing mechanism may help it to supply the demar 
furthering its own growth. 


—THE 
ADEQUATE PROVISION FOR ELIMINATING WASTES—TI 


EXCRETORY SYSTEM 


: S- 
pment of the circulatory and respiratory 5j 
ngely roundabout, what pee ate 
Ory System make? For here the remoc dat 
nore extensive. Only with the thit 
idneys produced. on 
€m starts to form in the neck regio rdy 
urteenth mesodermal segments ee 
d out. Branches from the trunk ar “pact 
the walls of the body cavity, and 


Fats > jectiné 
apillaries situated in a hump pro] 


in 


after these are blocke 
here pass in pairs to 
makes a little ball of c 
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к on s cavity. The wastes of metabolism, except carbon 
ж ты aich is eliminated through the lungs after birth, 
кыз Жа by the blood to these humps, and there 
ice i t e^ ody cavity. Tubules (tiny tubes) grow in 
UE — om ше body cavity into the mesoderm, and 
weis turns rearward to connect with the tubule in the 

EE segment (see Fig. 84). Thus a duct is formed through 
which fluid wastes might pass all the way to the rear and 


empty into the cloaca. 


Neural Tube 
тн 
3 Segments 


Endoderm 
Notochord 


the head-kidney. 4, ante- 
and duct completed. B, posterior level, 
er. (Redrawn with modifi- 
fter Felix and Burlend. 


e tubules and duct of 


iles 
d linking togethı 
1 Anatomy, a 


An 4 Development of th 
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n le- 

Since this most primitive excretory system qose 

velop so far forward in the body, it is called ns inne = 

Segmented worms and Amphioxus, the lancele E р 

past а somewhat similar stage in the development kei 

tory organs. But this type of system Баз same seen p 
disadvantages: The coelom is ineffective in соПесїї g 
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Fic. 85. ^4, cross section of 
region of the mid-kidney 
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H с 

а four-weeks-old (5 mm.) human embryo ү 

? showing” the form and relations of a mid- уз 

f the left urogenital ridge in a enemies A gd 

old (19 mm.) embryo, to Show the character of à completed vd dict 
tubule and the relations of the mid-kidney duct and the female sexua 


;». Courtesy 
(Redrawn with modifications from Arey's Developmental Anatomy. Со 
of W. B. Saunders Company) 


from those cells that do not line it, and the transfer of — 
from the balls of capillaries to the mouths of the tubules е 
indirect. A second consideration is that the number of z 
cretory tubules, if limited to one pair per body segment, 
might be altogether too few for a bulky animal. — 
Our next step in developing an excretory system pese 
one of these disadvantages (Fig. 85). The mesoderm arou 2 
the upper (dorsal) Surface of the body cavity grows “ers 
like a cup: to enclose each bal] Of capillaries. The wastes не 
then taken directly from the blood into the excretory tubu 2 
and the body cavity loses al] excretory function. Then 
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forward it is nothing but a space where organs may, grow and 


expand. 

The cells of the p 
(the ball of capillaries and the cup 
and columnar, typical secretory cells. 
substances from the urine and return t 
also add to the urine certain protein wastes, 
simple filtration. 


This change in the type of excret 
however, only in the segments from the fifteenth on. The 


seven pairs of tubules in front of this, making up the head- 


kidney, degenerate completely before becoming functional. 


There are some eighty pairs of the new sort making up the 
however, not more 


second or mid-kidney. At any one time, 
than thirty to thirty-five pairs are present, for those in front 
begin to degenerate even before those in the rear segments 
have formed. 

Although far more effecti 
mid-kidney, too, is inadequat 


art of each tubule next to the capsule 
around it) become tall 
They extract the useful 
hem to the blood, and 
unremoved by 


ory tubule takes place, 


ve than the head-kidney, the 
e for our needs. It serves well 


: ^ f 
enough in fishes and amphibians, but in land animals 1t too 15 


junked, like the head-kidney, although a part here and there, 
ned to some new use. The majority of 


dney degenerate, but in males the 
zed by the reproductive organs. 
ighborhood of 


is salvaged and turr 
the tubules in each mid-ki 
two ducts remain and are utili t 
In males, too, a number of tubules in the ne 
the testes are salvaged and used for storing sperms. 

In the fifth week, each hind-kidney begins to form as a bud 
from the duct of the mid-kidney on each side (Fig. 86). Each 
bud appears just above the point where the mid-kidney duct 
it grows from enters the pladder. Each bud lengthens into a 
tube, or ureter, with a flared end, the pelvis, or collecting 
portion, of each kidney- From the pelvis of each kidney gt ow 
numbers of branches and into these empty tiers of excretory 
tubules, each similar to 2 mid-kidney tubule. There are 


DE , 
about a million of these to each hind pee nent of the 
p 
The gain in effectiveness through the developn 
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= ‘Rectum Misi ined 


Fic. 86. Development of the hind-kidney and ureter, at about six weeks: 
Magnification about 30 diameters. (Redrawn with modifications from Arey $ 


Developmental Anatomy, Prentiss, after Keibel, Courtesy of W. B. Saunders 
Company) 


The bladder and urethra 


The cloaca is Partitioned off from the hind-gut in the 


seventh week of development (Fig. 87). Of the allantoic рог" 
tion, the upper part, beyond the point where the mid-kidney 
ducts and the ureters enter, becomes the urinary bladder: 
The lower part, which serves as а duct to carry off the urine 
and, in the male, the Sex cells, is the urethra. This opens, at 
first, on the underside (posterior) of a hump, or tubercle, 
that begins to grow out from the body just in front of the 
tail. The further development of this region will be co 


sidered later along with the development of the reproductiv® 
organs, 
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Mid-ki 222 
ы 5 E» Pm. 
p. bo Td Ridiney 


Ӯ 


4 


and sexual duéts in a 


nary bladder, urethra, 
f the cloaca. Magnification 


Fic. 87. Relations of the uri 
human embryo of nine weeks, 
about 19 diameters. (Redrawn 
Anatomy, Prentiss, after Keibel. 


following division o 
with modifications from Arey's Developmental 


Courtesy of W. В. Saunders Company) 


PERCEPTION OF ONE'S SURROUNDINGS—THE 


ADEQUATE 
SENSE ORGANS 


Circulation, digestion and absorption, respiration, and ex- 
cretion—these activities are immediately concerned with the 
Vital supply of energy and materials for the organism. We 
need also to be continually aware of changes in our environ- 
ment, so as to make appropriate adjustments, secure food and 
Water, protect ourselves, nd a mate, enjoy living. The 
Sensory receptors that та vities possible must all 
be provided for before bir we must leern there- 


after how to interpret what 
We probably think that 


ke these acti 
th, although 
they tell us. 


we depend chiefly on sight and 
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hearing, but we would be in a worse way without an ade- 
quate sense of equilibrium, of directional movement, or of 
muscle tone (the degree to which each muscle is contracted). 
Pain is an efficient guardian, and the more specialized senses 
of heat, cold, and pressure assist in avoiding injury. Hunger 
and thirst are potent reminders of nutritive needs. Taste and 
smell provide discrimination and warning as to food and 
drink. AII these have their special sense organs. 

The sense organ of pain is the simplest, being merely а 
branched nerve-ending. The organs of heat, touch, and cold 
have bulbs of connective tissue around branched пегуе- 
endings, increasing the range of their sensitivity. All of these 
are widely but unequally distributed over the body. They 
are especially concentrated in the hands and fingers. On the 
palms and finger tips, as in similar locations on the feet, the 
skin produces fine ridges which are so individual in character 
that we can be identified by them. Even identical twins have 
different fingerprints, a good indication of the ever-present 
differences in environment in which our genes must operate. 

On the tongue grow taste Duds, little groups of cells sunken 
under the surface, each equipped with a tiny hair. Different 
areas of the tongue become predominantly sensitive to differ- 
€nt tastes, sour, sweet, salty, bitter. We may conjecture Ша 
there are four different kinds of taste buds, and that the! 


distribution accounts for the various taste areas on the 
tongue. 


While we are largely ignorant as yet of the genetic factors 


back of these taste апа odor discriminations, it has been 


found that some 30 per cent of our population cannot taste 


; Е Б $ -it 
phenyl-thio-car bamide at all, although to the remainder ! 
has an intensely I 


bitter taste. This instance of taste blindness 
is due to a recessive gene, More recently it has been discov” 
ered that there are à number of different taste reactions tO 
Iannose,a sugar, and these too are inherited. 

Ciliated sensory cells are also produced in the nose. These 
are amazingly delicate in the perception of certain odors, ай 


a? 


› TRENT 
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the variety they can distinguish seems to be well-nigh un- 

limited. : 

The eye | 


as stalked outgrowths, or vesicles, 
When each outgrowth 
acts as an organizer for 


The paired eyes begi 
from n кке ае a ik forebrain. 
reaches the skin, it forms а сир, and 
the ectoderm lying over it. The latter makes a little pit cor- 
responding to the cup. Next, the pit closes over, and thus a 
little hollow ball of ectoderm is left. The cup develops into 
the retina, and the ball becomes the lens (Fig. 88). 

In its specialization, the retina becomes differentiated into 
quite a number of layers. In the deepest layers are odd-shaped 
cells known as rods and cones, while the surface layers are 


made of nerve cells whose 1 extend over the 
surface of the retina to the origin of the optic nerve, in 
which they mount to the brain. The rods and cones are the 
special cells which are light-sensitive. The rods are distrib- 
uted over the entire retina except at the very center, while 
the cones are absent around the rim. Both are lacking where 
the optic nerve enters—this is à blind spot. The rods are 
more responsive to faint light but cannot distinguish colors, 


So that in twilight or mc ht, when we see solely through 
;, objects are poorly defined and color 


t " 

the responses of the rods, d 
is lacking. The cones provide us with our most distinct 
5 ж » 2) = Ре 
Vision, апа сап discriminate between the three colors, red, 


green, and violet, of which all oth es. (There 
inct kinds © with maxi- 


are pr : 

are probably three distinc 

mum sensitivity for one aree primary © 
á 


ong projections 


;onligl 


ers are mixtur 


f cones, each 
olors.) 


n possesses the vestige of a 
n the top of the head, where an eye 
s living on the ocean floor. 
иһ from the forebrain (sec 
ith lens and retina, buried 
t been shown 10 have any 
gland. The great 
t might possibly 


б addition to the pair of functional eyes, mar 
ЖОГЫ third eye, originally located о 
This have been useful to primitive * 
Fig Кеш з is the pineal body, а 5 
Б. Some lizards still have 2 
functi; h the skin. In man, 
fue yalue, although it 
be the philosopher and mat 
seat of the soul. 


body has no 
suspected of being а 
escarles thought i 
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Fic. 88. Stages in the development of the retina and lens of the ey 
Goldschmidt's Ascaris. Courtesy of Prentice-Hall, Inc.) 
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'The retina, with the lens, secretes the jelly, the vitreous 
humor, which fills the hollow of the eyeball, and helps to 
keep it in shape and the retina in place. The part of the 
outer layer of the optic cup lying behind the retina becomes 
a thin layer which accumulates quantities of a black pigment 
that absorbs light, preventing its reflection and any conse- 
quent blurring of the image. From the rim of the optic cup 
there form the ligaments which suspend the lens and the 
major portion of the iris, including its pigmented layers and 
the radial and circular muscle fibers which respectively dilate 
and constrict the pupil—the hole in the center of the iris. 

During development the lens gradually changes from a 
hollow to a solid ball. This is accomplished by the elonga- 
tion of the innermost cells, as shown in Fig. 88. The inner 
cells thus become the transparent fibers of the lens. The 
blood vessels which supply the lens during its early develop- 
ment have degenerated completely by birth. The course 
of the large vessel that supplies the back surface of the 


lens is marked by the hyaloid canal through the vitreous 
humor. " 
evice, bringing all 


The lens of the eye isa light-collecting d 
ne source to a focus at a 


the light entering the eye from any o 

single point on a sensitive screen; the retina. No image could 
be formed without a lens, unless the entrance of light were 
limited toa pinhole in size, and then the amount of light 


that could enter would’ generally be too faint to stimulate 
e rods of the retina. We 


the cones and, perhaps, eve? th j 
would certainly see no gorgeous colors; everything would be 
dim as in faint moonlight. In animals like the flatworm, in 
Which we find eyes, but no Jenses, there can be no real vision 
whatever, for no images сап be formed. The worm is merely 
Sensitive to varying degrees of light and darkness. | 

In the human eye, the lens is not the most powerful light- 
Satherer (see p. 293): It js, nevertheless, of prime importance 
in vision, for it furnishes the means whereby we accommo: 


date for distance, that is, whereby we focus our vision for 
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В ; an 
objects close to us or far away. This is — des 
actual change in the shape of the elastic lens, d 
fibers suspending the lens become looser, the lens e 
rounder and focuses on near-by objects. When ш me 
pensory fibers become taut, the lens is pressed ipie 
distant objects are brought into focus. Very quickly c : гл 
the growth of the eyeball, the lens is brought to jus 


i " image onto the 
proper distance from the retina to cast the image or 


Vitreous 
Humor 


latter. 
Superior 
clus 
Ciliary” en т" Muscle 
Humor й Y Choroid 
Iris M ў 


erior 
JUS u 
I NE ep л ЫЛ 


Suspensory : 
Ligament 
Fic, 8g. Diagramm 


atic section thro 
from Buchan 


а drawn 
ugh the mature human eye am 
an's Elements of Biology. Courtesy of Harper and Brot " 


One thing about the im 
pletely inverted, 
mental ability 
we must learn 
wonder that b 
the first time 

The rest of 


- d 
age should be noticed; en ve 
Experiments show that we do not pow 
to reinvert the picture of what we вес, a for 
to do it through experience. Small pe d for 
abies grope so wildly at first! To learn thi 
must be quite a task. -y outer 
the eye (see Fig. 89), except for a thin 0U 
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muscles which move each eye and pass from the eyeball to 


the bony socket. 


The inner mesodermal layer, 
the choroid coat. It is rich in the blood vessels which supply 


the eye. In front this. layer contributes to the iris and the 
ciliary muscles. Owing to the manner of their attachment, 
contraction of the ciliary muscles loosens the suspensory 
fibers of the lens, and when the ciliary muscles relax, the 
Suspensory fibers tauten. 

The outer coat of the eyeball is the tough white sclera, 
originating, like the choroid, from the mesoderm. It is the 
part we see in front as the white of the eye. Just over the 
iris it becomes transparent, and this portion is known as the 
cornea. It is lens-shaped and in man is more powerful than 
the real lens in gathering light. Also, being very tough like 
the rest of the sclera, it provides excellent protection. Be- 
tween it and the lens a watery fluid, the quem humor, 
accumulates, serving to prevent the refraction that would 
occur were the space air-filled, and that would decrease the 


power of the lens. a 
Blindness results whenever the cornea becomes opaque. 


Congenital blindness (due to gonorrhea) is of this sort. The 
germ of this disease attacks the membranes of the vagina and 
the cornea by preference, and many a child is blind тош 
birth on account of infection from its mother. There is 
no excuse for this today, as it is well known that a few drops 
of a silver nitrate or similar solution in the eyes of a new- 
born babe will effectually sterilize them. Most states ІП our 


country now require this by law. 


next to the retina, is called 


The ear 

The ear (Fig. 90) 
ear, the true sense organ. 
ectoderm overlying the brain. 


Within the skull. The remaind 
esents the salv 


is really double in origin. The inner 
is formed from a pocket of the 
It later becomes buried deep 
er of the ear is an accessory to 


age of various gill structures. 


h caring and repr 
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7 tidaginous 
VELO Cera QI Bone 


2 Cochlear 
2 Duct 


ecc a Tube 


al parts 
Fic. go. The relations of the developing internal, middle, and external ee 
of the fetal ear at three months. The spongy tissue around the bones = ie 
middle ear has yet to degenerate to produce the ultimate enlargement Amy 
tympanic cavity of the middle car. (Redrawn with modifications from / 
Developmental Anatomy. Courtesy of W, В. Saunders Company) 


iympanic Cavity Sacculus 


As related before, the first gill pouch becomes the Бийде 
tube leading from the throat to the eardrum. The pes 
Sponding external cleft becomes the auditory tube, and t 
membrane between them is the eardrum. 

Around the Opening of 
bumps (Fig. 91, 


in toward the 
ligible. One c 
ears at all. 


if only they were stro 


a 
А to 
nections? The same muscles are wonderfully useful 
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Fic. А 

Ше d Stages in the development oft 
ek (ov, the inner ear). B, C, during 


fr , 
Aan Arey’s Developmental Anatomy, 
оралу) 


al ear. 4, in the sixth 
к. D, adult. (Redrawn 
of W. B. Saunders 


he human extern 


the seventh. wee 
after His. Courtesy 


must represent а heritage from 
E 


d 3 
onkey, and presumably in us 
d better ears than ours. 


5 і 1 
ome ancestor with bigger ап 
Within the cavity of the middle ear (that is, beneath the 


eardrum) there develop three little bones of peculiar shape 
(see Fig. go). They are derived from the cartilaginous gill 
bars, which form in the flesh between the gill clefts, and 
Which are quite essential, in fishes, for the support of the 
gills. Each of these gill bars is yshaped, hinged at the apex, 
which points toward the rear. From the pair in front of the 
first cleft come the uppe" and lower jaws: the right and left 


sides of each growing forward until they meet in front. In 
hibians, and reptiles, these jaws re- 


the long-jawed fishes, атр 

tain their original joint with the skull; but, along with other 

Mammals, human beings form a new one farther forward, 
le has more favorable 


е the contraction of the jaw musc г 
everage, and can exert greater speed and power in snapping 


shut or clenching the lower jaw. This leaves the rear half of 
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the primitive Jaw useless, and most of it never turns to e 
But the very tips of the upper and lower jaws, at the origina 
joint itself, lie close to the ear and are turned to a new use. 
They develop into the hammer and anvil, the first two of the 
chain of three little bones which bridge the middle ear wae 
convey vibrations from the eardrum across to the inner le 
The third little bone, the stirrup, comes from the secono 
gill bar, which in fishes braces the joint of the jaws against 
the skull. In amphibians 
come fused to the skull, 


Being conveniently plac 


and reptiles the upper jaw has be- 
and this service is no longer needed. 
ed, this gill bar was then utilized as 
the first earbone, originally stretching all the way from the 
eardrum to the opening of the inner ear. е 

These three little bones play a part in intensifying the vr 
brations, for they transmit them from a large membrane, the 


* & - ear. 
eardrum, to a small one at the oval window of the inner €: 
Calculations show th 


at this magnification is about ten p 
The middle ear is thus a valuable aid to hearing. Up unt! 
the last fetal months, however, the spongy connective tissue 
in which the three little bones develop still fills the uppe! 
Part of the chamber of the middle ear, as can be seen 10 
Fig. до. This material must degenerate and free the ni 
ments of the bones before hearing can become acute. Since 
this process is not completed until after birth, newborn 1 
fants are deaf for some weeks, ‚ 

The Eustachian tube is helpful in equalizing the air е 
sure on both sides of the eardrum, thus preventing it fo 
bursting. The middle ear has its disadvantages, however: 
since its connection with the mouth lends itself to infection” 
especially in babyhood when the passage is still very short 
Not only is the middle ear itself an ideal haven for gorma 
low mastoid bone of the skull. 2 
Spread to these air Spaces, setting up pal? d 
5 that can be dealt with only by a delicate e 
eration, shaving or clipping away the bone Чп 


2 
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the cavities are exposed, and then draining and sterilizing 


them. 

The inner ear is a serie 
all filled with fluid and lyin 
92). At first the inner car is j 


s of membranous sacks and canals, 
g imbedded in the skull (Figs. 90, 
ust a single sack, from which vari- 
ous outgrowths later emerge. The endolymphatic duct and 
sack are the vestiges of the original connection of the inner ear 
with the outer surface of the head. At the upper end of the 
central sack three disks grow out, each in a different plane, so 
that each is roughly at right angles to the other two. These 
disks grow thinner in the middle, and finally become hollow 
rings, the semicircular canals. This most primitive part ofthe 
ear is concerned not with hearing but with a far more essential 
sense, that of equilibrium. At the base of each ring is a 


swollen bulb, lined with sensory cells bearing cilia. When 
any direction, the inertia of the fluid in 

e ina particular direc- 
‚ Their excitation is 
he brain and there 
Since each 
ght angles 


the head moves in 
the canals causes it to produce pressur 
Поп upon these sensory "hair cells. 


transmitted over the auditory nerve to t 
erpretation, (perception). 
ane of space at r1 
ill affect one or more of 


combined into an int 
semicircular canal occupies à p! 
to the two others, any movement W 
the canals. 

The original central sack also becomes enlarged and partly 
Separated into two, an Upp utriculus and a lower sacculus. 
These, too, are sense Organs of equilibrium, assisting the 
canals by informing us of ihe position of our heads even 
When they are still. In each of these chambers шеге isa clus- 
ter of “hair cells,” and clumps of little “ear stones (otoliths) 
of limestone attached to the hairs. In the utriculus the stones 
Press vertically on the hairs; in the sacculus they hang lat- 
erally, producing a shearing I Any ohang m 
the position of the head, therefore, pressure or pull 


;ull upon them. 
alters the 


a drugs ready proved of great 
8 Rei ; sulfa drugs, already p 
écenily word comes that the ner 2 ee s pu 
^ я „Ме ; ay n se stern measures 
Value in the treatment of so many ailments, may render these 


ess 
frequently necessary. 
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Fic. 92. 


For B see Р. 299. 
of the stones on the sensory cili i -formed 2s 
кре В у cilia, and keeps us info 
*o which end is up" (Fig, 98), 
From beneath the с 
pouch, which coils at 
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2 


POTE 
OTENTIALITIES TO REALIZATION 99 


= ees is divided internally by membranes into three 
a m > original or central one closed off, the upper 
sf'ihe pes z vs pubeeq ently communicating at the apex 
ма, a a are filled with fluid. Into the upper 
uh de dis 2 ar canal, opens the oval window against 
оаа т T i so that vibrations of the latter are trans- 
mer e luic in the passage. They then pass up to the 

of the coil and back down through the lower passage, 


LEFT EAR RIGHT EAR 
Nerve Fibers Hair Cells Кя 


) 


Utriculus 


Sacculus 


BP, 


Buchanan's Ele- 
Е static 


ments К ons from 
of Biology. Courtesy of Harper & Bros. В, the sense organs O 
erted upon the hair cells 


Fic, " 
92. 4, the inner ear. Redrawn with modificati 


A stimulus is ex 

he otoliths attached t 
n the sacculi of the two 
vard, ог turning upside 
and Johnson's The 


Chicago Press) 


o the little hairs. 
ears in an 


ae in the inner ear. 
ТЕ the pull of gravity upon t 
брон the head to left or right acts иро; 
br d way. Tilting the head forward or backw 
ie upon the utriculi, (Redrawn from Carlson 

ery of the Body. Courtesy of The University of 


d window covered 
ration, preventing 
hlea were straight- 


gata little roun 
takes up the vib 
oil of the coc 
n Fig. 93- 

i from the central enclosed one 
is the basilar membrane. Upon it rests a layer of sensory hair 
Cells, firmly supported by skeletal rods, while above them 
hangs the tectorial membrane supported from one side. One 


the tympanic canal, endin 
with a membrane, which 
SE echoed back. If the c 
out, it would appear as 1 
Separating the lower passage 
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ing a 
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drawn 
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"Uncoiling" the spiral cochlea md 
relationships”of its three canals. ( 


Johnson's The Machinery of the Body. Courtesy © 
University of Chicago Press) 


widely accepted theor 
membrane is thrown 
down, and the cilia 
membrane. At 
of excitation 


ins 
Y of hearing is that when the apt 
into vibration, these cells bob up ing 
are bumped against the неф a 
any rate, the hair cells are thrown into а the 
» and their stimulation is transmitted tO 
brain and interpreted as sound. anged 
The basilar membrane is tuned somewhat like a 507119. 


i 
з Tile! 7 ip of the СО 
instrument to sounds of various pitch. At the tip 
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at the other end narrow, varying gradually 


it is broad and 
long string, it responds to a 


н, so that at the tip, like a 
de A. 1 1 1 
еер tone, and at te other end, like a short string, to a high 


tone. Development proceeds from the base to the tip of the 
coil. 

In the ear, a vibration of 
of waves per second) in the fl 


a particular frequency (number 
uid of the lower passage sets the 


basilar membrane vibrating only at the point that is tuned 
to it. The stronger the vibrations, the more the sensory cells 
at the tuned level of the basilar membrane will be stimu- 
lated. In this way we hear some sounds faintly, and others 


loudly. 

The timbre, or tone color, 
combination of tones. Whether or not tl 
pleasing (harmonious) depends partly on 
matical relations between sound frequencies (multiples, for 


instance, are harmonious) and partly on learning. 


of a sound is really due to à 
jis combination seems 
certain mathe- 


E PROVISION FOR ADJUSTMENT " 
е 


ADEQUAT 


The skin and its glands 

The skin is a protection of no mean sort. The epider- 
mis, or outer layer (Fig. 94: epithelial cells), is à speciali- 
zation of the ectoderm. Underlying cells divide rapidly and 
the outer ones become 5 - and flatter as they 


orny and flatter : 
are pushed to the subside, hey soot die, and only their 
flattened horny shells ren 


ain to protect our living cells from 
injury. 


_ The nails and hairs ат 
їп the epidermis. Only 
have flat nails, although 
horns which are similar prO 


mon to all mammals, the finer grades, fur cae 
useful to us in supplying our own relative lack. Like ot her 


mammals, we too develop а complete coat of hair, but this is 
shed from our bodies during the last month before birth. 


e special horny outgrowths of folds 
primates (monkeys, apes, and man) 
other mammals have claws, hoofs, or 

f the skin. Hair is com- 


ducts О 
and wool, proving 
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S ed "T Tissu 
Connective Tissue Lartilag Gland ү Biolog 
Fic. 94. Various types of tissues, (From Buchanan's Elements О 


Courtesy of Harper & Brothers) 
Hairs grow fro 
has a little mu 
our naked po 
nerve wound 
the hair can 
follicle also 
oil that kee 
the skin. 


follicle 
m columnar follicles in the skin. Each re " 
scle attached to it, capable of € is a 
verty, of making goose pimples). Th ent of 
around each one, too, so that any movem Each 
be perceived as a sensation of Praed an 
has a side pouch of gland cells which à pricates 
PS the hair from becoming brittle and lu 
are 
The sweat glands, another feature limited to e. 
also pockets of epidermis pushed deep into the edi КОП 
the secretory cells are in close contact with ree н f dis 
which they filter off Water carrying a small separa e auto" 
Solved salts. Their rate of secretion is controlled by th 
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Nomic nervous system, or by adrenalin. The regulation of 
the evaporation of perspiration is one of the principal means 
by which we maintain our body temperature constant and so 
are able ultimately to control our activity regardless of sea- 
son, climate, or weather. $^ 
The mammary, or milk, glands are also specializations of 
the epidermis. In fact they probably are modified sweat 
glands, for in the lower mammals they have the same struc- 
fure as certain large specialized sweat glands. At six weeks a 
milk line" or ridge appears along each side of the body be- 
tween the front and rear limb buds. Soon all but the anterior 
one third of this disappears, although in various other mam- 
mals paired glands arise the entire length of the lines, and 
€ven in man there are sometimes extra pairs. The nipples 
are formed shortly before, or even after, birth. 


. The deeper layer of the skin is formed from mesoderm; it 
is the dermis. Richly supplied with nerves and blood vessels, 
Its abundance of connective 


it i И ; 
1s the seat of skin sensation. 
issue makes the skin elastic and flexible, while other cells 
Store up fat in a layer that is good ins 
and cold. 


ulation against heat 


The muscles 


Muscle cells specialize in movem 
all of which come from the meso 
Made of spindle-shaped cells fastene 
sheets (see Fig. 94). The peristaltic and cons 
ments of the stomach and intestines in controlling the passage 
ОЁ food through the digestive tube, the constriction of the 
Urinary bladder in voiding urine and of the uterus in men- 
Struation and labor, and the constriction of the blood vessels 
that regulates the aroun of blood flow to each part of the 

ody, are movements of these muscles. 'Тһеу cannot be con- 
trolled by the will, as a rule, and are therefore called ra 
Untary, (This is the most primitive kind of muscle ote ‘or 
it is the only sort found in worms. Striped muscle cells are 


ent. We have three types, 
derm. Some muscles are 
d to one another in 
nstrictive move- 
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found only on the more advanced level of the crustaceans 
and insects, as well as among the chordates.) E 
Heart muscles consist of muscle cells which have numero i 
interconnections, which make them almost one great ud 
uous muscle cell. They have a spontaneous tendency to TA i 
tract rhythmically, even when removed from nervous м 
lation, as when growing isolated in a tissue-culture. ae 
involuntary, they show crossbands, so that they are wei 
mediate in character between primitive "smooth" muscle an 
the voluntary muscles. ed 
The muscle fibers of the voluntary muscles are banc A 
with cross-stripes. Each fiber is really a composite of a ы» el 
ber of cells, the nuclei of which are studded over the кел 
of the fiber (see Fig. 94). Like all muscle cells, when such Е 
fiber contracts it thickens and shortens; its volume does n? 
actually change very much. ү, 
The voluntary muscles of the trunk come from the ne 
paired segments of the mesoderm, which quite early : 
together until nearly all trace of the segmentation as P 
and later, in quite a variety of ways, keep changing йе 
splitting and fusing, degenerating and even migrating. ч 
the muscles are produced. Extending up the back of ed 
neck to the skull, these segments supply even the eye musci“ 


$ a e g! 
But the muscles of throat, face, and jaws come from th our 
3 + 1 i » 
muscles. The facial muscles which are responsible fo by 


expressions of emotion are paralleled in other mammals 
numerous superficial skin muscles which can twitch the 5 
over the whole body. 

The limb muscles make up the bulk of our arms 
and, in addition, form a considerable amount of the 
lying parts of chest, back, and loins. The limb bud the 
appear toward the end of the fifth week of developmen 5, 
upper ones slightly in advance of the lower. Into these front 
one pair on a level with the heart, the other just 1n The 
of the tail, there migrate unspecialized mesodermal cells. fror 
outer ends flatten into little paddles, constricted off 


kin 


and leg 
over 
s first 


"OT . 
POTENTIALITIES TO REALIZATION 305 
s 305 


the basa "tions i 
basal portions, and five lobes appear on each of them 


By tl [ ei о 
1e end of the ighth week, these are molded into recog- 
2 © 


niza ingers or ivisi 
able fingers or foes, and the divisions of the limbs are 


clear-cut (Fig. 95). 
ems Р 
Within the developing bud, 
menc specialis i 
ence to specialize, central ones becomin 


the mesodermal cells com- 
g cartilage cells 


etween the fifth and eighth 
hand and arm. Lower row, 
Courtesy of W. B. 


development of the limbs b 
Upper row, 
Anatomy. 


Stages in the 

а about 5 diameters). 

hus et (From Arey's Developmental 
jompany) 

^ 


" 
those around this core becom- 
fibers are bound together in 
connective tissue, and at 
iths are fastened firmly, 
ctures which are now 
n into the limb, then 
ks, the first 


and forming a core of cartilage, 
ing muscle cells. The muscle 
bundles by developing sheaths of 
the ends of each muscle these she 
as tough tendons, to the skeletal stru 
becoming bony. Nerves, too, grow dow 


rane : 6 
ranch, and connect with each fiber. By ten wee 
feeble movements are beginning, and thereafter a new ele- 

1uscles. No longer 


ment enters into the development of the п 
- and enzyme-controlled, growth and 


on modified by use. Practice 
. and movements 


more deli- 


purely automatic, gene 
development are [rom this time 
stimulates development along lines of use 
become not only more powerful but less clumsy, 


cately controlled. 
The muscles of the li 
Opposition to each other. 


o sets, which work in 


mbs are in tw 
since a muscle 


This is necessary, 
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can do,work only by pulling while it is contracting, and 
accordingly a different set of muscles must be supplied for 
counteraction. All of these muscles are located at least one 
joint closer to the body than the part tney move. This at 
rangement is demonstrably more efficient than a more distal 
one would be. The muscles which meve the whole arm 
at the shoulder are thus on chest and back, and those 
which move the leg at the hip are similarly on the trunk. 
These develop first, then those of upper arm and thigh, next 
those of forearm and calf, and finally those in the hand and 
foot. Development regularly moves from center to extrem 
lies just as it does from the head toward the tail. 


The skeleton 


Most of us think of the skeleton as of use purely in pro" 
tection and support. These functions, to be sure, are im 
portant, but support itself is only an adjunct to movement: 
The primary function of the skeleton is the part it plays ү 
movement. The voluntary muscles produce movements © 
pulling bones into varying *positions at their joints. THA 
wales necessary firm connections between the bones. These 
connections are provided by ligaments, tough strands © 
white connective tissue (see Fig. 94). The joints, too, ae 
Eus smoothly, without friction. The ends of the bones а! : 
reely mov. ioi . è $ en 
тА рез riven p н oa a De chin 
this each ) sing the joint, and ui at 

і СК acts as а lubricant, keeping the cartilage soft 
slippery. i 
Ne dur. of the head and trunk (axial skeleton) hc 

he backbone. This begins as a clump!?® 
mesodermal cells around the notochord. Each of these f 
cretes a clear, translucent product, cartilage, around ве 
a stuff elastic and smooth but not very rigid (see Fig. m 
Later specialization (after the seventh wees results in 00^. 
col: (see Fig. 94). These produce elastic fibers like less 7 
cialized connective tissues, but they go further by deposi? 


J 
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around the fibers salts of calcium, mostly carbonate-phosphate. 
This mixture: provides great strength and rigidity, while 
cartilage is maintained where flexibility is more essential. In 
each segment the bone cells crowd in and supplant the 
cartilage around the notochord, leaving a pad of cartilage be- 
tween every two blocks of bone, or vertebrae. From each 
vertebra there grows up an arch completely roofing over the 
spinal cord and protecting it. The adjacent muscles of the 
back become attached to a spine projecting from this arch, as 
well as to the body of the vertebra. Projections from the 
vertebra on each side form bases for the ribs, while a couple 
Sticking out in front and a second pair behind make articula- 


tions with the vertebrae fore and aft. 

The vertebrae do not all become exactly alike. 
the neck stay relatively small, but grow huge spines for the 
attachment of the neck muscles which move the head and the 
back muscles which move the neck. The two at the very top 
are modified into a kind of ring and pivot joint for firmly 


Supporting the skull and yet permitting the head to move 
e alone carry typical 


fre ^ 

Teely. The thoracic (chest) vertebra 

ribs in man, although in other animals these extend much 
ertebrae in the pelvis 


farther down the spinal column. Five v 
a firm support for the bony 


li 
2есоте fused together to form por | 
girdle to which the legs are attached (this is the sacrum). 
And below that are the їйгее oF 
the coccyx. 

One should notice, 


he upper one corresponds to th i 
Which, in horizontal quadrupeds, enables it better to support 


the Weight of the trunk suspended from it. But the reverse 
Curve, in the region of the loins, ОГ lumbar region, 1s a 


Speci : A ot stand upright, as 
Pecialty of man. Without it we could n pright, 
our center of balance too far 


the 
upper curve would throw 
i —the 
forward, This is why the anthropoid apes must aes ч 
. nter “ 
ack a reverse curve which wo 


Those in 


four remnants of our tail— 


too, the curves of our backbone (Fig. 96). 
e arch of the spinal column 


uld bring their ce 
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" | - А x 
1 
Н 


tel X с р Е ( 


оп 


ааа е 


96. Spinal curvatures at various 
rey's. Developmental 
Company) 


" side. (Fr 
ages, viewed from the right side. ( viles 
r $: 1 E 

Anatomy, after. Peters, Courtesy of W. B. Sau 


ity back over their hips. Now these curves are not present 
even at birth, the backbone being still in the form of a ип 
ple arch. The weight of the body and the pull of muscles 4 
an erect position is finally 
sary to bring them out. 


| а | ally fuse 
The skull is formed of many bones which gradually !u? 
together. The cranium, 


in, is 
that part which encases the ae 
not all cartilage to begin with. While the back, base, к 
temples are first present as cartilage that is later put 
into bone, the bones that cover top and forehead are form 


reces 
assumed are thought to be т 


i ш fm They 
in the membranes that cover the brain (Fig. 974). „fant 
ү: М . a jlile 

gradually spread out until they meet, but even in the i! 


ich 
et ча а whic 
there are stil] soft spots,” parts of the membrane into 


ME 
: тап 

yet extended. Аз the bones of the id 

» they meet and interlock like pieces of a J!8 


И - an 
puzzle. Gradually суеп these seams are obliterated, 2 е 
an old person the сү, 


15 
approximate age of d 
skull. 

To the cranium 
begin as capsules 


they have not 
lengthen 


. A а ж hu 
anium is a single sheet of bone. T 

3 " fron 
à person at death can be read 


ирег 


. i e 
are fastened the facial bones which ап 


ә E : r ear 
of cartilage enclosing the inner € 
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Fic, 
97. 4, the bony skeleton at birth. (From Arey's Developmental Anat- 
of W. В. Saunders Со) В, the 


om: Courtes 

кашы Scammon and Hess. Courtesy 

| Eis al derivatives of the gill arches. (From Goldschmidt's Ascaris. Courtesy 
rentice-Hall, Inc.) e j 


Lower Jaw ~<. 
Cartilage d 

---Third Gill Arch 

--4 Third and Fourth 
i [f Gill Arches 


FA --Windpipe 
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olfactory (smelling) organs, or form from membranes—the 
cheek bones, the bridge of the nose, and most of the eye 
socket. Parts of the nasal cartilages, of course, never turn tO 
bone. ` of 
Other skeletal parts of head and neck come from parts к 
the cartilaginous gill bars (Fig. 97B). The first pair of the 
is covered over and replaced by bones from the skin, -— 
a right and left upper and lower jawbone. The bony a 
ments form a new jaw joint in front of the ear, and the о d 
joint, as we have seen, is cut off and left to transmit gaun 
across the middle ear. The jawbones grow forward until ш 
meet and fuse in front. (That is, they do normally. Мп 
genes responsible for failure here are variable in акро 
resulting in cleft chin, cleft palate, or harelip. These E. 
may be fatal or, when mild, merely disfiguring.) The "€ 
palate similarly appears as two flat pieces of bone that s 
across from the upper jaws until they meet, separating t 


; A s con- 
nasal cavity from the mouth in front but leaving them 
nected farther back. à 


As we hav 


, 


е already observed, the upper end of the oe 
5 gill bar develops into the stirrup, the thi! ет 
the bridge of little bones across the middle ear. шше pi 
part of the bar also becomes bone, a part of the hyoid P 
Which supports the base of the tongue. The rest of this Ad 
comes from the third pair of gill bars. The fourth and Ww. 
pairs remain cartilage, and are expanded and modified at- 
the cartilages of the larynx, to which the vocal cords b. 1 
tached. On the whole, then, a number of parts of e 


1ў 
bars find some later use, but other parts are formed only 
degenerate. 


f these 


he chest. The front portions © шаб” 


: r 
reastbone, remain C4 


1 


POTENTIALITIES TO REALIZATION nn 
s itself not completely 
f ribs never be- 
in front. The next 
nto them, while the 
he sacrum (Fig. 98) have fused 
adequate support for 


nous, and the breastbone (or sternum) i 
rosea ee to bone. The two lower pairs о 

ached and remain “floating” 
group of vertebrae have short ribs fused i 


fused vertebrae that make up t 
help to make an 


rib projections which 
the rest of the pelvis. 


Fic “ 
©. 98. Ап early stage in the development of the sacrum and соссух. The 
е 


rib: 
5 appear only on the four sacral vertebrae. 


shoulder girdle 


the higher ani- 
he scale 


vo girdles, the 
that in all 
d fishes on up t 
birds and mammals, the 
same plan. Bone for 


й The limbs are fastened to tV 
nd the pelvis. We should note 
mals, from certain fossil lobe-finne 
through amphibians and reptiles to 


limbs and their girdles are puilt on the 
bone they correspond, with only minor modifications in size 


and shape or number of digits. The fins of lobe-finned fish, 
the legs of a frog or lizard, the wings and legs of a bird, the 
paddles of a whale or the flippers of a seal, and our own arms 
and hands, legs and feet, are homologous structures, although 
adapted to various uses- This must surely mean that the 
brimary genes concerned with the nature of limb develop- 
ment are the same in all the members о] this group, although 
Secondary genes have become different through mutation. І 
The pelvis, bony girdle to which our legs are attached, is 
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rigidly, fixed to the sacrum, but our arms are fixed to 4 
shoulder girdle resembling those of other mammals whose 
forelegs must take the full impact of their body weight m 
running and landing after a leap. THe great bone of the 
upper arm, the humerus, is attached most indirectly to the 
backbone. Its ball fits into a socket joint which allows the 
arm to move freely in all directions at the shoulder. This 
socket is provided by the shoulder blade (scapula), the large 
flat body of which lies imbedded between the shoulder ап 

back muscles, which take up much of the shock of landing: 
Close to the shoulder joint, the shoulder blade is braced by 
a curving collarbone (clavicle), which is attached at its othe? 
end to the top of the sternum (breastbone). Among man" 
mals the collarbone is well developed chiefly in those chat 
climb, dig, or fly, while in running quadrupeds it is vestigia 
and the whole shoulder girdle is "floating." The two collar 
bones serve to brace the shoulder joints and allow consider 
ably greater freedom of arm movement, but they аге nos 
strong enough to withstand the full shock of landing ОП the 
forelimbs, and are frequentiy broken. The sternum is con- 
nected with the ribs only by flexible cartilage, and the ribs 
themselves are shaped to serve as springs. Thus a mere frac 
ioo of the jar of landing reaches the backbone and is trans 
mitted to the body as a whole. How different when we jump 
and land on our feet! Only a bit of the shock can be take? 
ир by bent knees, and the rest of the force of impact i s 
сн а through our whole frame. It is impossible е 
rece ay on our teet” о ara ort id 

> are undeniably constructed to leap 


1 x те 
and on all fours, but the rest of our anatomy fails to СО! 


: i „ight 
pond. It has been modified to make possible an Ew ү 
carriage, while the f 


а " © 
- ч exible attachment of the forelimb’: 
tainly no disady 


ron 
tip of the shoul 


e о 
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Sed ы lower end of the sternum. In our development, 
bedded] ав far as a ligament, with a few bits of cartilage 
imn IR and there along it. This has decreased the 
lania окне shoulder joint; but аў we no longer practice 
g on our forelimbs, it does not matter.) 
ы the elbow are two interesting joints. There are two 
in the forearm, the radius and the ulna, the latter on 
the same side as the thumb. A prong of the ulna slides in a 
groove in the humerus, making a hinge joint which acts as 
a final check on the movement produced by the triceps mus- 
tle when the forearm is extended. The radius has a flat disk- 
like upper end which pivots on the humerus, thus en- 
abling us to turn our hands over. The two types of motion 
represented here emphasize the relation of joints to move- 
ments, 
1 These long bones, together with th 
Ow in the shaft and spongy at the ends. This is the con- 
Struction which, on engineering principles, is by far the 
Strongest for a given mass and is for that reason used ex- 
tensively in making tubular metal,furniture. The cavity of 
the long bones is not waste space, however. The shaft is filled 
With yellow marrow, a store of fatty substances, and the cavities 
OF the spongy bone contain red marrow, whence come the red 
blood corpuscles and other plood cells. The bone ae is 
Not solid, U the microscope sections show many tine 
Canals deren blood клк and nerves make their 
Way to still smaller cavities where dwell the single bone cells, 
IMprisoned by their own product, and communicating with 
Опе another only by delicate projections. But this is so only 
in a fairly mature bone. Like most other parts of the skele- 
ton, the lone bones start out as clumps of mesodermal cells 
Which turn йе cartilage. After this has assumed the rough 
Shape of the bone, centers of bone formation arise 1n and 


around it. As mineral matter is deposited, the cartilage is 
{ bone, while within the 


Sradually surr haft 0 
y surrounded by а $ i 
Cartilage itself spongy bone is formed. The cartilage degen- 


ose of the leg, are hol- 
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erates, and along with it some of the spongy bone, and thus 
the marrow cavities are created (Fig. 99Е, F.). -— 
Growth must take place without interfering with wo 
tion of the joints. At first, bone cells teplace the сй Mts 
only in the shaft, and the ends are still formed of к. 
growing and readily modifiable cartilage (Fig. 994-С). La 


IX 


C 


Fic. 90. Stages in the grow 
(stippled) being deposited 
being deposited around it. 
E, the marrow cavity (spars; 
the spongy bone. F, epiphy: 


у bone 


th of a long bone. A, cartilage. B, C, Spa lack) 


within the cartilage and compact prt bone. 
D, epiphyses appearing at each end of n within 
€ stipple) appearing through degenérace s deula 
Ses finally uniting with the shaft, 1га пЁ Е тоте 
cartilage at each end. The marrow cavity is continuing to enlarge 2$ 


" pmenta 
bone is deposited on the outside of the shaft, (From Arey's Develof 
Anatomy. Courtesy of W. B. Saunders Company) 


e 
е А of th 
centers of bone formation appear also in the ends 


Т there 
bones (Fig. 99D). Growth in the length of the nee Ne д 
after takes place between these epiphyses, as they are hich i$ 
and the shaft through a formation of new cartilage W 


: es 
gradually transformed into bone, Most of the ерни m 
not appear unti] 


During all this t 
fused, the calciu 
portance. At m 
and the bone st 


after birth, and many not until аера 

ime, when shaft and ends are finally at in 
m Supply in the diet is a matter of ae: , 
aturity, the shaft and ends аге finally mete? 
PS growing in length. Growth in Que i 

aft or the ends is no problem—more 


И entr? 
simply added on as а superficial layer, while the © 


, > 
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fare E 2 
arrow cavity becomes enlarged by resorption of bone from 


within. 

aoe pelvis is a complete ring of bone, except in front, 

a a small gap is closed by cartilage and ligaments. 
ese provide some elasticity, which is especially important 


in childbirth. During labor, the babe must pass from its 


m d ў à : 
other's uterus down through the vagina. This opens below 


the pelvic ring, and birth would be extremely difficult or 
even impossible if previous preparation had not been made. 
Some influence, perhaps a hormone, causes the ligaments here 
to relax during the birth process, allowing the pelvis to open 
up more broadly. 

The leg bones, femur in the thigh, tibia and fibula in the 
shank, are similar to those in the arms, except that the fibula 
no longer pivots at the knee, but becomes fused to the tibia 
(shin bone) below the knee joint. Hence the knee is only a 
hinge joint. It is protected by the kneecap, a little floating 


bone formed within a muscle tendon. 

The direction of the knee joint is, however, the reverse of 
that of the elbow. This again is interpretable in terms of the 
structure of other vertebrates. Primitive land animals had 
spraddled legs, with both elbow and knee directed outward. 


With increasing length of limb, the legs. Were drawn under 
ported it more effectively, so that 


the body where they sup 
eved of considerable work. This devel- 


the muscles were reli І 1 
opment involved rotation 0 imbs, rotation which took 
place in opposite directions, facing backward, the 
knee forward. Although We ê рецасер crawl, 
or run on all fours, the rotatior bs indicates the 
ancestral coridition, still retained by mo 

Concerning wrists and ankles, hands an 
gers, volumes could be (and have been) W 


derful flexibility of the hand, with ^5 oppo 

9 See especi ноп by Sit Charles Bell, the noted nineteenth: 
о шевае expen pre Darwinian volume of the “Bridge- 
water y forget, on PAR К he power wisdom, and goodness of 


G T E 
od, is a great classic of anatomy. 


ritten? The won- 
sable thumb, as 


ustrate t 
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еп 
controlled by our brain, has been ап important, pes nae 
an essential, factor in our upward rise from savagery. oe 
monkeys and apes are better equipped in this ics seri 
we, for they are four-handed. The use we make of gon ж. 
15 evidently even more а matter of the intelligence ниту rd 
trols them than of their own inherent powers. It is ier ghe 
the feet that we are unique. Bone for bone and muscle € 
muscle, the structure of the human foot corresponds " ind 
of the lower "hand" of an ape. Yet our greatly shorter > 
toes and relatively huge big toe on the inside have а 
drawn into line, and the big toe has lost most of its Hoy 
bility. Together with the big heel bone that now touches t | 
ground апа the increased arch and rigidity of the «a 
these are modifications of the primate "hand" that hav 


г : r own 
made possible our erect carriage and have freed oui 
hands for manipulation, 


ADEQUATE PROVISION FOR COORDINATION—THE 


NERVOUS SYSTEM 


The appropriateness of our 
existence of р 
cited sense ог 


responses depends upon ie 
athways for transmitting impulses from the ut 
Бап to the muscle or gland cells which are Pe 
means of response, These pathways, potentially ppm 
every sense organ with every muscle and gland cell, are p 
vided by the cells of the nervous System. els 
We have seen how this originates, very early in our gn 
opment, as a hollow tube along the back, made from a на 
ing-in of the outer layer, the ectoderm. As this tube geni 
its walls thicken Considerably, and the céntral cavity rt 
proportionately smaller and smaller, although even un p" 
mature spinal cord and brain we can find vestiges of it. 3 
intervals corresponding to the muscle segments, nerves f е 
i € cord, lengthen toward the sides 0 


P - skin 
organs, body muscles, limbs, ot 


roal, 
4 orga 
БО, until eventually every sense o 


ow 
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el А Р З 
gland, and muscle is supplied with nervous connections 


What are these "nerves"? 
I ee З . : 
fw ut г уе a X Г 1 E 
a nerve and examine 1t under high magnifica 


tion, it appears to*be made like a càble. It is a bundle of a 
great many fibers, most of them covered with a whitish insulat- 
ing sheath of connective tissue, the whole bundle being held 
together by a similar sheath. These nerve fibers are sorted out, 
at the branchings of the nerve, to their separate destinations. 

If we follow the course of these long fibers, we shall find 
that they are very long, fine extensions of the cytoplasm of 
nerve cells, Those which extend to a sense organ usually 


end in a brushlike tuft of little branches, while the ones 


which pass to muscle fibers end in a plate on the side of the 


muscle fiber. 
| The sensory nerve fibers grow out from cells which lie in 
little clumps, known as ganglia, alongside the spinal cord. 
olion from which it 


ad z 
Each fiber branches in or near the gang 
arises; and if we follow the other fork, we can trace it into 


the dorsal side of the spinal cord, where it forks into several 


branches, most of which pass ùp foward the brain, but some 
own the spinal cord to lower levels. Some of 
length of more than five feet! 


f microscopic branchlets which 


of which grow d 
these cells in man attain a 
Each branch ends in a tuft o 


make contact with other nerve cells. 
are motor nerve fibers, their 


_ Other fibers in each, nerve 2 
impulses stimulating the muscle fibers to contract. "These 
motor nerve fibers cone all the way from cells in the spinal 

lar, for they have num- 


cord. The cells themselves are irregu f 
bers of short tuftlike projections (dendrites). Between the 


ends of the sensory and motor nerve cells in the spinal cord 
a third kind of nerve cell, known as an association nerve cell, 
makes connection. In this way ап excitation of the sensory 
ending, by a pinprick on the finger, for example, will lead to 
transmission of an impu the sensory nerve fiber to 
the association. nerve cell, and thence to the motor nerve 
cell, over whose fiber it will reach the muscle fiber, stimulat- 
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. . t 

i simples 

ing it to contract and withdraw the finger. = - ae 

type of hookup, in which the response is complete s a 

reflex arc. Never is nervous -— 2 
lity—certainly notin the presen 


ill actually 
ample. The impulse from the sensory, nerve cell will a 
be passed to several 


matic, is known as a 
simple as this in rea 


e ike the опе 
association nerve cells, some, like t 


Agsociation 


Sensory Tract (i to Brain) 
erue Celis Receptor 
ДҮ 


Fic. 100, 


Diagrammatic sketch of 
ing nervous pathw; 


of Biology, after Kuhn. 


а, show 
spi ord, 5 
а segment of the human spinal c 


15 
% Elemen 
ays and connections, (Redrawn from Buchanan's 

Courtesy of Harper & Brothers) 


А гуё 
shown in Fig. 100, passing the impulse on to motor an 
cells, with the result that the response is a coordinate jm- 
i mber of muscle fibers; others passing eS 
* spinal cord to various parts of the our 
less complications may be involved A tor- 
£s, such as saying “Ouch,” or kicking © 
tting some deeper revenge. 


pulse on up th 
where number 
further respons 
mentor, or plo 


The synapse 


2 J 
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eri mm thing about synapses is that, unlike nerve 
Oden for will transmit an impulse in only one direction. 

s characteristic depends the chainlike nature of the 
к by impulses through the nervous system. Here is 
м is for the perception of sequence within us—perhaps 
ү able to perceive time only because our nervous system 
is thus channelized. It is fascinating to speculate whether our 
boasted logic is an outgrowth of this-and we wonder vainly 
What the timeless existence of a Hydra, whose nerve net 
transmits in all directions, must be like. 

In the second place, the synapse appears to be improved 
by use in its capacity to transmit a nervous impulse. Let us 
Set a clear picture of all that this implies, for it is very likely 
the basis of our ability to learn. Through the nature of our 
hereditary pattern acting during development, we are pro- 
vided with billions of nerve cells in spinal cord and brain, 
With a veritable wilderness of ready-made and potential con- 
nections. The ready-made ones provide us with a basis of 
unlearned behavior patterns which we call reflexes and, when 
more complex, instincts. It is tru& that man has very few of 
these ready-made behavior patterns in comparison with in- 
Sects, for example, in which they predominate, for even our 
So-called “reflexes” are to а considerable extent developed by 
prenatal use and practice. Consequently, the mental wilder- 
ness is largely trackless, except as We make paths through it. 
Our first efforts to adjust ourselves аге blind—excellent exam- 
ples of trial and error. But somehow, whenever by mere chance 
à response is tried which turns out to be effective, the synapses 
along the pathway which lead to it are improved. As ys ac- 
cumulate experience, pathways are beaten down ys CK 
Ways" along which nerve impulses are guided effort essly, 
and we achieve a habit. This explains: too, why, 1035/50 hard 
to break a habit. It is as though nerve impulses, like men or 
cattle, resist being diverted from. their accustomed route to 


One less easy. 
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The spinal cord 


The spinal cord is the great trunk route for nerve -— 
ascending to the brain or descending from it, besides р! " a 
ing numerous local connections. The cell bodies — Р 
ranged centrally, appearing in the form of a gray letter *- 
a Cross section of the cord, with the white-coated ascenc el 
and descending fibers around the outside. Because the e 
sory nerve cells are outside the cord, in ganglia, the dor d 
horns of the gray matter remain more slender than a 
ventral ones, which contain the large motor nerve cell bodie: : 

Most of the nerve fibers in the white matter cross A 
somewhere on their way up or down the spinal cord, anc :: 
the right side of the brain receives impulses from, and a " 
them to, the left side of the body, and vice versa. PY 
fibers of similar function occupy definite columns of t 


à А ; ainly 
White matter, with the more local relays clustered ma 
next to the central gray matter. 


The forebrain 


ә 

The brain, as we have seen, first shows up as a series of 
three bulging vesicles at the front end of the neural tube. is 
development proceeds (see Fig. 101), this original pu 
SO covered over and surrounded by new parts that it may ум 
hard to discern, but it still forms the vital brain Step. bi 
necting all the major parts which have grown out from It. "T 

In the sixth week of development the forebrain ae 
forward two pouches, in front of the points of origin ot rd, 
stalks which form the Optic cups. These pouches grow me “the 
upward, outward, and finally backward, expanding unti two 
brain stem is completely concealed by them. They are ар у 
cerebral hemispheres, or cerebrum. Their enormous gro ur 
and development Constitute the major difference between ee 
brain and the brains of other vertebrates. In fish and rept! б 
they are small and are concerned entirely with the — 
smell. In reptiles а new area of growth occurs that bec? 
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Cerebellum 
Medulla 
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Cereb, ( Cerebral \ 

КОЕ С Cord — pe misphere A am Pd \ 
р Spinal Cord 


Cerebral ; 
Hémis, sphere Outline of 
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from Arey's Devel- 
ders Company) 


he human br 
C, at five 
th modifications 
y of w. B. Saun 


pment of t 


Fic 3 ° 
- 101, Stages in the develo| 
y four weeks. 


an 

rin. one-half weeks. B, at nearl 

a E, at three months. (Redr: 
mental Anatomy, after Patten- 


awn wi 
Courtes 
ch as the formation of 
vhich becomes pro- 
1 it completely 


activities, SU 
s this area v 
unti 


d " 

evoted to higher mental 
associations and learning: It is this 

$ and mammals, 


oressi х е 
gressively larger 1n bird: 
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Gam d ina- 
overlies the original "smell-brain" and reaches its culmit 
tion in man. y mater 

The cerebral hemispheres have a layer of oy - 
(nerve cells) on the surface, and the inte?nal —— situa 
posed of white matter. This reversa] of ту dem 
tions of gray and white matter in the spinal corc i S evel. 
à new arrangement better suited to an enormous нудне; 
ment of the gray matter. The surface area also мн. 
folded (only slightly in many lower mammals) into eli addi- 
grooves and wrinkles in our own brain, thus supp jing ‘with 
tional room for the nine billion nerve cells concernec num 
these newer activities of the brain. The functions of a »ped. 
ber of the areas bounded by these grooves have been pes 
In the lobe just behind the ear lies the center for es of 
and speech, at the rear is one for vision, and on either isphere 
à prominent groove running from the top of each hem ee si 
down to the temples are parallel motor and р o 
from toes at the top to lips at the bottom. Other лы these 
tions are to be found in the frontal lobes, but most О igne 
and great areas of the posterior part cannot be "i the 
definitely. "They are commonly thought to be the seat differ 
highest mental functions of all, for this is where we wn as 
most from our closest relatives, the apes. These are kno 
association areas. 

If we split the matu 
ing band of white mat 
the corpus callosum 
the two hemisphere 
the thalamus, conn 


trik- 


я s А а strié 
re brain lengthwise (Fig. 102), It is 


ter at once catches our attention. nects 
» а tract of nerve fibers which ^ pain 
$. Just beneath this is a еа the 
ected by dense strands of fibers W eee 
great internal reflex and distributing mass (corpus m tage 
of each cerebral hemisphere. The thalamus is the mee re- 
of the original forebrain, and is an extremely impor 


the 
gion. All the ascending and descending fibers from 
cerebral hemisphere pass t 


activities have here their 
it is the center of reflexes с 


a 
:e intern 
hrough it; the automatic une ; 
ultimate coordination and c ‚рай! 
onnected with smell and taste; 
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| чей MN cm Thalamus 


Corpus ` 
Callisum 


2 -Cerebrum 


Olfactor: 
Prone 


Posterior Lobe 

/ pituitary Gland 
Cerebell Yi ituitary Glan 
KERR = Pons 


Međulla TONN ; т Midbrain., - 


n through the mature human brain. 


al sectio 
t's Elements of Modern Biology. 


Fic 2 ian 
G. 102, Median longitudin 
from Plunket 


I 
pia with modifications 
rtesy of Henry Holt and Company) 


pleasure, and simple emotions are felt here; and tempera- 
ture and the interplay of the endocrine glands are regulated 
in this region. Often, in considering the brain, the funttions 
of the cerebral hemispheres alone are emphasized. We will 


d : 
lo well not to forget that he brain stem, 


ў below these lies t 
Inc б 
conspicuous but essential. AS (T 


. Herrick says, “When- 

e А : А f 

ver elementary emotions · : ' are complicated by interpreta 
association witl 


tions, are elaborated through л other kinds of 
eXperience into sentiments, sympathies, aversions, c 
and the like, or are deliberately joined with impulse in vol- 
üntary action, then thalamus an c i 1 
nership. The thalamus supP ional coloring, the 
agreeable or disagreeable quality, nd the simple impulsive 
drives; the cortex supP ies the intelligent guidance and ra- 
tional control. ‘The thalamus, then, discharges two ways, 
downward toward the motor centers and upward toward the 
cerebral cortex. The former TES" lates and reinforces our ele- 
Mentary visceral reactions ап i he most primitive 
1 actions and 


one of t 
f à М Jinks these те 
unctions of the braim- 
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E . ч icher-cenveys oh Ёё 
Ше accompanying emotions үй the higher centers of cal 
à в ге restrain 
ligent control and keeps them in hand in the more restr e 
Р "Я ~ as s s pro 
life demanded by good Society." 1° "The thalamus thus | 


: у : М ; ake up 
vides a goodly share of’ the behavior patterns that make uj 
our personality! 


The midbrain 


This part of the brain stem, which in fishes is the one 
prominent region, remains relatively undeveloped in m 
beings. There are four little hillocks just behind the tha 7 
mus, and a floor through which the ascending and qu 
ing nerve fibers pass from thalamus to hindbrain. Yet " 
is something very interesting about these four hillocks, = 
to the first pair are distributed nerve fibers from the eyes 


» thala- 
which have crossed and entered the brain below the th 
mus, just in front, 


The nerve fibers from the left > es 
are sorted out together at this crossing, so that the two ine 
of each object, seen by each eye from a slightly nner 
angle, are made to coincide through distribution to the en 
part of the brain, In this Way we acquire stereoscopic — 
and a finer judgment of distance, a gift only the monkeys а! " 
apes share with us. These first two little hillocks of the "d 
brain, to Which some of the Optic nerve fibers pass, still i e 
main our center for visual reflexes * 
brain in lower Vertebrates is concerned with vision. for 

The second pair of little hillocks is a similar center ; is 
hearing reflexes, such as “pricking up the ears.” snc 
it that we, who depend heavily upon sight and oa 
as our avenues of information, boast the greatest poner 4 
ment ever attained by that part of the brain originally a 
cerned with smell, and have such insignificant “sight- ee 
"hearing-brains" Senes which, by mutation in i 
ancestors, led to the Progressive development of our cere 93? 

{д8 


3 В ' each eye 
and right sides of each €Y 


» апа this whole part О 


The Thinking Machine, ed. з, Р. 118. University of Chicago Press. 


e bi 
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) E 
hemispheres must have beet superimposed on the hereditary 


pattern of a mammal that, like most other mammals today, de- 
mell and had a relatively 


o 


pended primarily on his sense of s 
large "smell-brain." 

With an increased ,predominance of the sense of smell, 
those centers in the forebrain which correlate smell with vis- 
ual, auditory, and other sensations, and with motor activities, 
became tremendously developed. In short, practically the en- 
tire interpretation of these sensations and the voluntary con- 
trol of the muscles and glands was transferred to the various 
areas of the cerebrum, leaving only reflex control in the 
original centers. Many of the sensory fibers from the eyes 
and ears were even "short-circuited" to the correlating cen- 
ters of the cerebrum, so that now We "see" and "hear" in 


these centers rather tban in the midbrain. 


The hindbrain 


i in str res. Two, the 
The hindbrain comprises three main str uctures Tw es 
hind portion of the,brain 


pons a -onstitute the 
pons and medulla, constitute 1° wid Pis qs 
stem, which consists in large parto ne dun 

e other direction pass 


tinue on into the spinal cord and in the ot fad Manut 
to midbrain, thalamus, and cerebral hemisp. 


these, too, terminate in this region, for from ч ota “in 
the twelve pairs of cranial nerves except ds dn нин urely 
of these first four, the olfactory and SUE M mmt the 
sensory—smell and vision—projecuons © of the muscles 
third and fourth are motor: анир, nerves of the 
hee move the eyeball.) ae ao ж eyeball, jaw and 
hindbrain i motor nerv s Pe 
face, паа salivary and e рола a 
even such lower organs 25 a "n iced and heart; 
small intestine, liver and pancress, px * ге of these parts 
they also include sensory nerve fiber? rant nerves from 
and, in addition, the very P rm weed evidently re- 
the ears, Such a number of importan 
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quire numerous associations in ‘the part of the brain p. 
enter; consequently the pons and medulla are great reflex ш. 
relay centers. Here the rate of respiration and of heartbeat, 
and the determination of the amount of, blood flow to P 
ticular parts of the body, swallowing, vomiting, coughing 
and sneezing are all regulated. . „їп 
The cerebellum grows out from the roof of the hindbra 
close to the midbrain. Like the cerebrum, the cerebellum 
has its cells (gray matter) on the outside, with the лее 
fibers forming a white treelike structure in the interior. 
Fibers connecting its right and ]e 


* -ebrum 
ft lobes with the cerebru 
` cross underneath the bra 


e н icuous 
im stem, forming the conspict 


cente: for th 
although the 
hemispheres, 


E nts, 
even in voluntary mov е 
original impulses may come from the cere 


The autonomic system 


our nervous mechanism. Ther ] the 
ganglia, a pair to each body segment, which Бара 
spinal cord, These are the ‘sympathetic trunks of the a 


4 ieration 
nomic system, Apparently they are formed by the me ee 
Of individual cells from the neural crest, a strip of ectode! 


cells left along the back, between the outer ectoderm and the 
neural tube, when the latter is closed over. They journey 
down the dorsa] (sensory) nerve roots, some of them app 
on the way to form the spina] ganglia. Other cells migra 


e 
out from. the along the ventral (motor) pee 
rants: When the migratary cells reach the correct spots 
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may well wonder how they recognize them), they form clus- 
fibers to connect with adjacent 
ganglia until the chains are formed. They also send out 
nerve fibers to the internal organs, governing their automatic 
activities. Our solar plexus is a cluster of nerve fibers and 
ganglia belonging to this system, and we have all experienced 
how a blow over it “knocks the breath out of из” by par- 
things, the nerve supply to the dia- 


ters and send out nerve 


alyzing, among other 


phragm. 
The terminal nerve cells of the sympat 
This is a substance which has a powerful 


ct upon the organs innervated. But a regula- 
and nothing else would be most 
ineffective. The control of the autonomic system over the 
ased on antagonistic action. Besides the 
ympathetic portion that 
internal organs. The 
thetic ganglia liberate 
inhibits the, activ- 


hetic ganglia liber- 


ate sympathin. 
stimulating effe 
tion limited to stimulation 


internal organs is b 
sympathetic portion, there is a paras) 
innervates the majority of the same 
terminal nerve cells of the parasympa 
acetylcholine, a substance which strongly 
ities of the organs innervated. The sympathetic portion of 
the autonomic system is connected with the spinal nerves of 
the thoracic and lumbar regions; the parasympathetic trunks 


arise partly from the hindbrain and partly from the sacral 


region of the spinal cord. 

The autonomic system is connected also W 
nervous system by sensory nerve fibers. In every segment 
these pass through the autonomic ganglia to the spinal cord 
by way of the spinal nerves. Accordingly, the internal organs 
are not completely isolated from our brains. Sensations of 
pain may rise from them into our consciousness, and some 


measure of control can be exerted over the organs by the 
medulla and the thalamus. ‘or us, because 


Yet fortunately f 
of their largely reflex system of control, We can, go along 
happily oblivious of our inner workin; 


gs most of the time, 
free from the necessity of attending to t 


ith the central 


hem consciously. 
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CHEMICAL CORRELATION 


Besides the nervous system, other means of correlating a 
varied activities of the different parts of our complex ст. 
are also provided—chemical means, resembling in nim os 
the “organizers” of earlier development. Substances ун i 
sized in one place pass into the blood, are distributed гос e 
our whole system, and here and there exert some effect up 


Е "- These substances are 
an organ especially sensitive to them. These substanc 
the hormones, and the or 


the endocrine, or ductles 
in our bodies. 


А are called 
gans which produce them are c d 
: :delv scattere 
5, glands, They are widely scatt 


We have alread noticed how 
y 


" " " es SC 
the intestine produce 
cretin, which sets 


pancreas and liver to secreting -— 
juice and bile Whenever food enters the intestine from P 
Stomach. Another hormone, very similar chemically to = 
cretin, is produced in the same region, and stimulates t 
gall bladder to contract and 
into the intestine, And, 
System, we have seen how 
duces insulin. 


The parathyroids, products of the third and fourth € 
of gill pouches, are other endocrine glands of vital imp ns 
tance to us, They regulate the concentration of calcium ail 
i › Upon which there depend not only the per. 
and the efficiency of our — 
also the irritability of our muscles. о 
$ come to lie on the very surface of i 
thyroid gland and may even be imbedded in it, an оры 
on the latter for goiter, unless performed with modern e 
cautions, may inadvertently cause the removal of the ра! 


i 5 оос 
thyroids too, Then the calcium concentration of the b! Ír- 
falls alarmingly, the muscles and nerves become тоге 
ritable, the muscles þ 


А " А con- 
egin to twitch, and finally go into 


к 5 ma Їй Le 
discharge the bile stored 


Р А . ancreas pro- 
the islet tissue of the pancreas ] 


: обме 
БА oestly 
daring our survey of the dig à 
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sempe d am boss end fatally, unless a calcium salt or a 
esl do. rime is injected into the blood. When a 
тосе ie parat ryroids results in «сз secretion of their 

‚ calcium is lost from the bones to the blood, the 


ske es str 

leton loses strength, the teeth decay. Thus the parathyroid 

10r, 2 ч 

rmone controls, on the one hand, muscle and nerve irrita- 
development of 


bility and, on the other hand, the adequate 


bones and teeth. 


The thyroid gland 

А roid gland, thyroxin,™ is а те1а- 
tively simple organic chemical substance, an amino acid con- 
taining iodine. Only very slight amounts аге necessary at any 
one time—in fact, the amount normally produced by one in- 
dividual in a whole year (3/6 grains) could be put into three 
or four medium-sized gelatin capsules. Yet а deficiency of 
thyroxin during the years of childhood and adolescence is 
sufficient to make one an imbecile, of a type known as a 
cretin. These unfortunates are stunted and deformed in body 
1l for the lack of a tiny bit of a certain 
if supplied soon enough, can do 
1 a relatively normal mind and 
body activities that 


The hormone of the thy 


as well as in mind, a 
chemical substance, which, 
wonders in restoring to them 
body. What role has thyroxin in our 
makes it so important? 
The effects of an excéss or 
answer. The person with too activ 
faster heartbeat and higher temperatt 
frequently is excitable and irritable, о 
to get along with. He may suffer from ins 
to be' thin. Finally, if the overactivity of 
its enlarged size, there will be a goiter 0 


with popeyes. What а contrast in the person W 
underactivity of the gland! The action of muscles, glands, 


and circulation is sluggish: body temperature is lower, and 


. 
an insufficiency of it reveal the 
e a thyroid gland has a 
we than normal. He 
versensitive and hard 
omnia, and is likely 
the gland is due to 
n the throat, along 
ho has an 


1 The actual hormone is probably a compound of thyroxin with a protein. 


- J 
330 GENES AND THE MAN 


hands and feet are often cold; еге isa tendency to put E 
fat, and the skin is often puffy. The personality, too, suffers, 
for such a one is inclined to be indolent and slow of wit. A 
other words, thyroxin régulates the rate of metabolism, which 
is all-pervading in its influence. 

Another type of goiter results from an effort to compensate 
for a lack of iodine in the diet by an enlargement e 
thyroid gland. Naturally, this kind of goiter occurs e 
in certain regions where iodine is scarce. This is principal | 
in glaciated regions where the action of the ice has een 
the topsoil containing most of the iodine. Switzerland ang 
our own Great Lakes region are examples of “goiter belts, 
where in places one fourth of the men and more than 
one half of the women are affected, Use of iodized salt e 
cut this incidence down to nearly zero; for example, Wer 
Detroit school children it was cut from 35 per cent to 1 oe 
cent in eleven years. These goiters develop especially V 
periods when the body activities are highest and the Чаш 
for thyroxin is accordingly §reatest, as before birth, at pu? 
erty, and during pregnancy arid nursing. 


The thymus gland 


jiza: 
f the skeleton and the utiliz? 


H р m n 
; claimed, but none of the um 
known with О AE present cse ten Утеген ба 


. H 5 А ent 
gland. is that Its huge size in newborn babies may реу 
еаѕу breathing, 


windpipe. Often nowadays ba 
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The adrenal glands 


Ea i i i 
ach of these glands, situated like yellowish caps on the 


m а 15 really two glands, for the inner and 
еа m rave different origins and synthesize entirely 
"o E The medulla, or central portion, pro- 
2nd tenn А б Its chemical structure has been worked out, 
б ГА бүл in the laboratory as successfully as 
e 3 ша 8 ands in the body. It is wonderfully potent, 
Blond M speeding up the heartbeat, raising the 
Bo. essure, diverting blood from the skin and internal 

ji o the muscles, at the same time increasing the sugar 


cor — oe . " 
icentration of the blood, raising the resistance to fatigue, 
1 of these effects it 


an ; в 

а speeding ир blood clotting. In al 
1plicates the action of the sympathetic portion of the auto- 
terest because the 


of great in 
develops in the embryo from 


lar plexus of the sympa- 


f the sympathetic 


Nomic nervous system, a fact 
medulla of the adrenal glands 
аи cells migrating out of the so 
с system, and the terminal nerve cells о 
produce sympathin, which acts like adrenalin. 
The effects of adrenalin are those iated with excite- 


associ 
„Ment, anger, fear, and danger, and should be of great help in 


emergencies. Many physiologists believe that adrenalin plays 
Such a role, but there 1s still some doubt whether it actually 
is secreted in extra amount during crises. As to its normal 
role, it has not been conclusively shown to have any. It is 


present in the blood in only 006 part in 20,000,000, and this 


i s 3 
5 too dilute to have any obvious effect. At least removal or 
f the adrenals has no clear-cut 


lai 

nhibition of the medullas 0 Tuer ` 
effect. Read the opinion of textbooks on this point with 
caution, even though it is hard to think of such large and 
active glands and of so potent 2 ne as valueless to us. 


р their cortex, 
The outer portion of А f 21 
grows from the mesoderm. It pro Һот топе ог severa 
35 yet unseparated hormones called cortin. This 1s unques 


üonably vital, removal of the entire adrena 
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quickly fatal. Cortin is perhaps'the means of controlling e 
concentration of the sodium, chloride, and potassium ions j 
the blood, as disease of the adrenalin cortex results in --— 
the two former and raising the latter. ‘The secretion of th 


— velop- 
adrenal cortex also has marked effects upon sexual de 
ment, as will be seen later, 


The pituitary 


In a little hollow in the floor of the cranium, just -— 
the midbrain, lies the pituitary body, a gland about ше 5 zi 
of a hazelnut. Its two parts, anterior and posterior, "^ 
Separate origins, and, like the two parts of the adrenals, m4 
be considered essentially different glands. мат 

Most of the posterior part is a growth from the lower P 
of the thalamus, with which it remains connected by a ps : 
Substances have been extracted from it which ‘el 
stimulate smooth muscles, especially those of the sma d 
arteries and of the uterus, to contract, This raises the b100 


sms 
t à күйкө: EIAS 
pressure, steps up the secretion of urine, and causes 5] ообу 
in the uterus, eve 


000,000 of blood 
hands of a doc 
However, w 


nina concentration of one part in 15: ife 
1, so that the extract is a potent drug irdi 
tor for speeding up delivery at child i nes 
hether or not it is nori e 
І uncertain, an 


hormone, since 


mally secreted at suc са 
d we must hesitate to label it definitely : i 
removal of this lobe of the pituitary seem 
have no effect upon blood pressure or labor. 

The anterior lobe of the pituitary is a portion О 
original pouch from the roof of the mouth (see p. 277): 
less than five h Nes are known to be produced : 
One of them regulates the growth of the body. Shoulc 
gland become Overactive in producing this hormone, а F 


H - H i is 
nomenal increase 11 size will take place. Most of t 
familiar with Arcus giants, 


eight-foot, 400-pound boy, 
boxing champion of the w 


f the 
NO 
еге: 
the 
phe 
arc 


ormor 


гап 
таво 
and have seen news picture 


igh 
s . velg 
or of a huge one-time heavy! joris 
à -e те 
orld. In 1935 there were гё} 
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of a young s : 
fe "s Egyptian carpenter who fell off a ladder on his 
аа, suffer erangeme is pitui i 
e : ered a derangement of his pituitary secretion and 
n shes 2 'ear 1 1 
voit gens that year and eight the next! These giants 
y all suffer from circulatory difficulties-the heart is 


strained tryi 
ained trying to pump blood around so huge a frame. If 


"ү osten at the gland sets in after the growth zones 
Mis d А =- already ossified, then, instead of gigantism, 
Mu Ex TUR y confined to an enlargement of hands, feet, 
i а] (acromegaly). Often this condition, in which the 

; tends to be too big for the body and to hang in 
and gigantism of some degree are associated. 
mplified in certain breeds of dogs, such 
mastiff, with their huge jowls. This 
activity shows that it is genet- 
able extent, both as to degree 
igrees indicate that the factors 
e. It is unlikely 


great loose folds, 
This is strikingly exe 
E з Bernard or the 
ically М г а of pituitary 
айд а uenced to a consider 
for CLA onset. Human ped ; 
Жа ЧП ness are multiple and mostly recessiv 
all of them act through the pituitary. 
Marma underproductioneof the pi Д e 
lam arm development results in midget лы as m the 
is ar human hereditary type or in bantam chickens. This 
5 purely a dwarfing of skeletal size. There is a normal varia- 
чоп of intelligence in these types- In animals, growth can be 
restored to normal if implants of active anterior pituitary 
d " their growth zones 


tissue z PES 
sue are made before the bones are “set 
Ossified; but attempts to help human dwarfs by this means 


hay. 1 
ave not been entirely successful 50 The time of onset 


ОЁ the deficiency will clearly be Very just as 


i Р 
n the case of hyperactivity- When th 
the trunk skeleton is completed, but while the limbs are 


lengthening esule ormity rather than a miniature; 
for the а ae es idem size, but the arms 
ànd legs are curtailed. This produces the “court jester” type 
of dwarf, the Pekingese dog, and similar types- This condi- 
tion is usually recessive in inheri hile brachydactyly- 


tuitary growth*hor- 


far. 
important here, 


e deficiency sets in after 


tance, W 
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(short fingers), still later in onset and consequently much " 
deforming, is a dominant. These genetic types afford a go A 
example of the way in Which genes may produce their i 
effects by determining the relative times of the onset E 
duration of processes, just as in previous cases we have see 
how they acted upon the relative rates of processes. 

It is evident that this hori 
of the thyroid, а deficienc 


* * М " ent 
у of which during developm 
also produces dwarfism, but 


with stunting of the intelligerics 
Thyroxin cannot replace a deficiency of the pituitary t 
hormone. On the other hand, normal activity of the Ore 
pituitary is requisite for the development and normal e 
tion of the thyroid, the parathyroids, the adrenal cortan, к 
j her glands. It is the kingpin of A 
- Its control over the thyroid is E 
its regulation of the adrenal cortex . 
Г. There is growing evidence that it me 
uction of the pancreas, and the meta 


ids 
eh rol 
ОГ NOt.its control over the parathy stil 
is by a hormone Other than the growth hormone, 15 


à Sar pituit 
ng hormones of the anterior р ing 0 
H n 1 1 

h the development and function 


ION 
PROVISION FOR THE FUTURE OF THE RACE—REPRODUCT 


, 


ре 
уе 

€ smaller, gene-empty Y-chromosome, 

come male. In 


however, we аг 
-before there is 


агу | 
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T. А 
he gonads (ovaries от testes) 


es о Pe daclo о of the sex organs has not com- 
en oak vu ad well along, but so far completely alike in 
ое о. ye oe (female) and testes (male) begin as 
ла ete al of the mesoderm just below the developing 

g the body cavity on each side of the intestine 


Vein 


Mid-hidney 
Duct 


Gorad 


[Л 


с—Мезел tery 


e kidney and genital 
drawn with modifica- 
f W. B. Saunders 


A cross section of thi 


Fi "n 
16. 103. Origin of the gonad. 
ryo. (Re 


rid А ? 
ped from a five- to six-weeks-old human emb 
from Arcy's Developmental. Anatomy. Courtesy о 


Company) 

ngthen and round up. They sepa- 
rate from the kidneys, and, like the other organs, hang sus- 
pended from the dorsal side of the body cavity, in slings 


(mesenteries) of the membrane which lines it. 


Within the sex orgaus, at about two months after concep- 
In males, cells within the 


tion, sexual differences appe?r. 
testes become grouped into cords. These become hollow, 
e sperms eventually 


making the testis tubules in which th 1 | 
arise. Each tubule has a sheath of connective tissue cells. 


Next to this are the prospective sex cells, which are not trans- 


f В $ 
ormed into sperms until puberty- 


(Fig. 103). The sex organs'le 


eer N 
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: ary, as 
In females, no definite cords ‘of cells form in Am 
they do in other animals or in males. Insted; t tel uc of 
central mass of cells becomes recognizable as a grc M 
prospective egg cells. Connective tissue invades e ef td 
breaks them up into small clusters. Most, or even wen to 
prospective egg cells then degenerate, except those T f cells 
the outside. Others arise from the germinal layer a eadh 
covering the ovary. In the last few months before Ре musti 
egg becomes surrounded by a follicle, ov capsule о E 
cells. As in the case av. Shortly 
of these prospective eggs are delayed until puberty. There 
after birth the formation of additional egg cells Stops: f great 
is even, according to one investigator, a degeneration о = ite 
numbers. He estimated that at three years of age € 
approximately 400,000, and that five years later this p 
ber has been reduced to about 
are even less, 


à — ] meio 
of the sperms, the growth anc 


; 5 чуй 
40,000, while at puberty 


The sexual ducts 


„s make 
The tubes or ducts through which sperms and eges n or 
their exit from the body are not growths from the ova! 
testes themselves, The male ducts, if not the female, 
rived from the remains of the mid-kidney. body: 
The main mid-kidney ducts, one on each side of pe. 
open into that allantoic portion of the cloaca which be par 
the urethra, below the urinary bladder (sce Fig. SK 
allel, budding from а groove in the mesoderm coverina 
mid-kidney, а second pair of ducts develops, Да isle 
trumpet-like mouths at the head end. (In sharks these | ing 
arise by partitioning the main mid-kidney ducts, 
them in two, This 
that this second р 
mid-kidney ducts 
represents one of 
be found.) This 5 


for the female se 


ате de 


each 
into 


to the 
bodic* 
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duct х у 4 
s become the sperm ducts. И hatever our Sex, we t 
V X, t ius 


Start out in li i i 
in life equipped with both male and female sexual 


ducts. 


The ex itali 
he external genitalia 
Duri ; 
е. uring the sixth week of our growth (Е 
m "ars j i 
р appears just in front of the good-sized tail 


ig. 104A), a rounded 
On its sur- 


v Major 
Lips o 
Minor 

Lips 


he external genitalia. A, B, C, 
ent period. D, male and female 
along. (Redrawn with modifica- 
production. Courtesy of 


lopment of t 
1 the indiffer 
is well 
f Human Re, 


a ы ‘The embryonic deve 

MES UE and late stages ir 

p "5 genitalia after differentiation 

же ер Parshley’s The Science О, 
. Norton & Company) 


1, іѕа shallow groove, the floor of which is 
thra. (The anus just, below 


prane at this time.) 
ngthened into a 


face, next to the tai 
а thin membrane closing the ure 
this is also still closed by а mem 

A week later (Fig. 104B), the hump has ler 
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e 
cylindrical phallus, with a rounded cap-like end known E 
glans. At the base of the phallus are rounded swellings. vail 
membrane closing off the urethra ruptures at about this t 
(The tail has by now dwindled to a nubbin.) mt. 
At eight weeks (Fig. 104C), the genitalia are just begin M 
to appear different in male and female. The urethral A 
ing is now shorter, and in the male the portion whic ‘ale 
mains is farther out on the phallus than in the fen 


А » glans 
Meanwhile the phallus has grown considerably, and the 8 
is set off by a neck. 


Male and female 


What starts the differentiation of the ovaries and P. 
This depends upon the chromosomal constitution, the р fix 
ary effect of which is not known, but may possibly be p. 
the basal rate of metabolism at a higher level in males be- 
in females, for this is an early and fundamental difference 
tween the sexes, «cally 50 

We should remember that the gonads are basica E 
similar that an Ovary may, ‘under abnormal condaoni un 
velop into a testis, producing one of those extremely rar 


ary 
: e oy 

fortunates, the human hermaphrodites, who have on jn the 
and one testis, А 


destruction of a 
replaced by a te 
tish hen who 5 


Ог, Occasionally, disease may resul ay 
whole ovary or a part, whereupon it cot” 
5015. Well known is the instance of RT a 
topped laying eggs, metamorphosed ! 

rooster, and became the father of two chicks. Her one 
tional Ovary—it is characteristic of female birds to a 
one functional Sex organ—had been destroyed by каре 


in! 
Ө x € 
and the other rudimentary sex organ had then develop 

a testis. 


i 
As the sex organs diverge developmentally they beg 
function as end 


Осгіпе glands, testes somewhat earlier tes 
ovaries The interstitial cells between the tubules of а 
produce the male sex hormone (testosterone), somal wid 
sex hormone (theelin, or estrin), which accumulates in t 


on 
10515, 


nt 
than 


func. 
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filling the follicles, has 
two hormones are v 


are 8 ; 
re both sterids—and the switch betw 


eas 
y. In fact, both hormones appear t 
the course of development, as was 


sex even in adults, and 


emphasized earlier (in Chapter IV) 
ates. The further development of the sex- 


ever one predomin 


U itali i 
1al ducts and genitalia (see Fig. 


ev с hor: i 
ver sex hormone is present. 


Male 
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А 
а source not specifically clear.» These 
ery similar in chemical structure—they 


een them must be rather 
o be produced in each 


‚ is determined by which- 


104) is influenced by which- 


Female 


SEXUAL DUCTS 


ane a dozen or so of the mid- 
testis y (шше closest to each 
= s grow into it and make 
ie ame abe with the testis tu- 
oe Lengthening considera- 
bly; these mid-kidney tubules 
ue the upper portion of the 
ША duct into which they open 
all lie coiled on the testis, form- 
ing the epididymis, a storage 
place for sperms. 

The female pair of ducts com- 
pletely degenerates, except for 
a tiny bit of the merged portion 
Just at the bottom, and another, 
clinging to each testis, at^the 
top. j 


EXTERNAL | GENT 


The phallus continues tO 
lengthen until it becomes а 
penis. The opening on its un- 
derside is closed up anda new 
one appears at the tip. The 
two swellings on either side of 


remain и 
pared to t 


The mid-kidney tubules and 
ducts degenerate leaving only 
vestiges. 

The funnel-shaped mouths of 
the female ducts (oviducts) fit 
over the ovary, ready to pick up 
any mature eggs released. ‘The 
lower ends merge and thus give 
yise to the uterus and vagina. 
Thése, at first indistinguishably 
alike, become clothed with in- 
voluntary muscle, especially 
abundant about the upper por- 
hich becomes the uterus. 
which at first opens 
into the urethra, is prolonged 
bya partition that grows down 
until vagina and urethra are 
completely walled off and open 


separately. 


tion, W. 
The vagina, 


TALIA 
mains short, 


The phallus re 
of the glans 


consisting mainly 

ortion, and 15 called the clito- 
ris. The swellings оп either side 
ndeveloped, as ‘com- 
he male, and make 
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5 Male Female 
the base of the phallus enlarge 
into a sack, the scrotum, and 
the testes descend into this as- 
sisted by the contraction of a 
ligament fastening them to the 
bottom of the scrotum. 


the major lips, while the me 
gins of the urethral groove i 
a pair of inner, minor lips. : 
the opening of the vagina there 
is formed a perforated mem 
brane, the hymeneal membrane. 


The quiescent period 


Sexual development is suspended from birth through 
childhood. Production of the hormones from testes or очар 
dies down. This is apparently due to the control exerted ру 
the hormone from the adrenal cortex, which in its turn 15 
controlled from the pituitary gland. It seems likely that the 
fairly frequent human “pseudohermaphrodites,” who ра 
Ovaries but male external genitalia, result from an abnorma 
activity of the adrenal cortex before birth, as the pen. 
cortin is known to exert a strong impulse toward the УС 


^ ab- 
opment of male structures, At any rate, it is clear that à 


"m s ] may 
norinal activity of the adrenal cortex during childhood m4) 
cause puberty to set in e 


; 
arly. In boys this leads to remarkably 
early growth and maturity, both sexual and mental, so gie 
even when one year old they may enter puberty, and by uon 
age of five be ready to die as old men. Girls mature 17 5 
similar way, but with an added superimposition of male char 
acteristics, such as a growth of beard and transformation 0 
the external genitalia to the male type. 5 
This can hardly be the whole reason why sexual develop 
ment is suspended in childhood. Other glands and ine 
products may be involved; but we can hardly doubt that Шш 
айгепа1 hormone, cortin, helps to control the situation- 


Puberty 
jer 
At about fifteen years of age in boys, anda year or sO earli€ 


Pea З ет 
in girls—these ages are for our temperate clime; in pene 
É х i 

regions puberty sets in a couple of years earlier—the ova” 
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or testes re , SS LM 
М terete pu ФЕ the sex hormones. This brings 
чен ‘ 1 ел system, last of all the organ sys- 
тее “re 7 sei level. Many parts of the body are 
that the € ina enlarges and the vocal cords lengthen, so 
лета йе comes deeper, especially in males. Даг 
boys node m ас around the external genitalia, and 
ihe datas = sprout a beard. 

тна чане ie in males аге naturally internal, within 
Чы centi E Here the prospective sperm cells begin 
divisions, a $ t D grow, pass through the two meiotic 
б тыр im з into sperms. As they go through 
OE exch <n steps, they are pushed into the central cavity 
beard bule by the newer cells being formed by mitosis 

iem. Once the sperms are mature, they pass still 


Passi h 

sive, in : à к 
to their storage chamber, the long coiled epidid- 

esicles, and other glands 


ymis, 
э ы pu gland, seminal v | 
Now, secr around the sperm ducts, also become functional 
the ене a milky, odorous, alkali hich vitalizes 
he aie о activity when they com ct with it. 
In girls ia of fluid and sperms 18 known 
1% apertur he breasts enlarge, and the pelvis ‹ 
etus Maur is larger. These are vital preparations, а 
зе nourisl pess through this bony ring hildbirth and must 
the hi E oia afterward. The broadening of the pelvis throws 
i p joints out to the sides. the thighs slope 
d the knees 


in t 
Озуаг ; 
d each other, and, to Jance, " 
imilar but slighter al- 


d at the elbow.) 


al 
ne fluid w 
e in conta 
as semen. 

broadens 50 that 
s the 


prese 
aight! ( 


Tes 

S whte 

Athlete ich handicaps most women 1 
s. 

The s 

\ 4 | 

€ internal changes are more ! ortant. The ovaries 
whicl have heretofore de- 


mat 
ature 
Benerar, and the early follicles: 
ated after reaching @ ertain stag ; 

3 ing up 16$ food sup- 


One 
* As each pr Е 
prospective egg 


342 GENES AND THE MAN 


ply, it passes through the first ‘division of meiosis, forming 
one minute “polar body.” The follicle by now projects from 
the oVary asa sphere about the size of a small marble. It then 
opens, апа the egg is released, along with its surrounding 
fluid, to be caught up by the mouth of the oviduct! Here 
it awaits fertilization, Which must come within two or three 
days at most, as after that t 

Meanw 


€ reception of the fertilized egg F 
Ow empty follicle of the ovary шее 
cells (corpus luteum) that begin to 
hormone, progestin. Under the 1n 
the glandular lining of the uterus 
cky fluid, which is necessary for the 
ized egg in the uterus, and perhaps 


ч : s e 
nourishes it before the blood:connections are provided by th 


growth of the placenta. 
If the egg is not fert 


е 
individually from the twelfth to th 


duri 
„durin 4 
i g the intervals when the 
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lates 
the i icti 
irum T with such exactitude? What is responsibl i 
г wor f г ic i i 
ы т 5, i the rhythmic increase and decrease i б. 16 
ction of theelin by Ч im 
he ovary? Atl ial ai 
oap | y y east a partial answer 
iden important questions has been’ found in the uud 
E "mo: [ d ri itui * 
"d ire of the anterior pituitary. This also varies "M 
ay, apparently becat i i 
y ause the theelin i it i 
"aia ио l : in itself, as it in- 
ncentration, inhibits i К i 
ts production (Fi 
g. 105). 


— Curve of production of pi tuitary hormone 
у! a ~ theelir 


$ Time of ovulation 
pmp «© menstruation 


duction of the hormone from 


Fic 
STOR 
th 05. Curves to show - Tati 
he anteri h show the relation of the pro' 
ior pituitary gland to that of the hormone from the ovarian follicles 
le of menstruation and 
© 


ulation of the сус 
9 


(theelj 

ir 

n), and the consequent regt 
2 


Ovulati 
оп, as explained in the text. 
imulated by а 


m is also st 
h is produced 


one whic 


The or 
е growth of the corpus ]uteu 
mulating hormone 


hor 

rm acm 
one from the anterior pituitary, 

theelin-st 


1s inhibited 
E ә 


comes from the 


Mating 
in the blood. 


be impulse to seek the sex urge, 

ae of either male oT female sex no ip apes 

only "s among the lower mammals ERAT p e 
icall i the height of theelin secretion- y. 4 period 
y into “heat,” as for е а year in dogs, every 

s the period 


thr 

е Я 

€ weeks in cows, every wee Е à 
: < nature 5 


a mate, 


method of, insuring 


of - 
Ovulation, here evidently 15 na о 
оп Ше male! He is usually 


pre 
i ne But note the effec ен 
erested in а female only “ ile she is 17 


o 
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she has passed the period, he is ОЁ to another. The "family, 
in our sense, does not exist among the lower mammals. Either 
the fémale rears her cubs alone, or some powerful bull gathers 
а whoie harem of females about him, keeping them bis BY 
furiously fighting off all younger upstarts. In our species, 
however, this physiological limitation of receptiveness on the 
part of females to certain periods has disappeared, and the 
human monogamous family became possible. 

The act of mating (coitus) j 


г 5 : ;je's ereat 
s itself one of natuve's gre 
economies, insuring the highe 


st percentage of fertilization 
and pregnancy. The pleasurable erotic sensations, widely dif- 
fused over the body, but centered in the stimulation of the 
glans of penis or clitoris, contribute toward insuring repro- 
duction. In the act of mating, a vast quantity of sperms— 
several hundreds of millions—are expelled from the єр 
mis, and mixed With the secretions from the prostate an¢ 
other glands, which render them active. The semen is then 
deposited by the erected penis in the female vagina. {РО 
penis апа clitoris contain spongy bodies which stiffen by 
means of an influx of blood under sexual excitement.) The 
Sperms then swim by their own efforts up through the шы 
and along the female sexual ducts until they encounter the 
egg. This direct transmission of sperms from the male to 
the female is 

005 


than the method employed by fishes and frogs, whose €g8 


© 
WS ex red 
are first laid in the Water and then have the sperms pou 


n land animals, consequently, fewer 2. 
produced, since there js little waste from lack 
fertilization; and, as the €8 carries considerable stores О 
food, this is an important saving. 


" : is that 
A second and perhaps more Important relation is 


8g before it passes down the ey 
Covered with additional layers of food an : 
П before it is laid. This would appe! 
tance in mammals, but mammals have 


" x " rortilization’ 
a far more effective Way of insuring fertilizat 


- 
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evolved from reptiles, to whom this ability must have been 
of primary importance in their conquest of the land. 

Pregnancy > › 
е descent of the fertilized egg to the uterus, 


The story of th 
and of its implantation and development there, has already 
vith the mother's part. 


been told. Here we are concerned v 

The most important warning of pregnancy is the omission 

of menstruation. Why does upset of the regular cycle occur? 
Somehow the implanted embryo stimulates the corpus 

and this, if we can reason from 


luteum to keep on growing, 
igs, is necessary to 


what is true in rabbits, dogs, and guinea p 
rtion. Under the influence of the progestin, 
instead of sloughing off, continues 
rt in the formation of the 


prevent an abo 
the lining of the uterus, 
to thicken and prepares to take pa 
placenta. After about three weeks, though the corpus luteum 
continues to grow, it is no longer essential; from the ише 
when the placenta is developed, menstruation is apparently 


checked by the production of theelin there. д 
Slowly the production of théelia rises, until late in preg 


nancy there is considerably more of it in the blood than at 


times of ovulation in the regular cycle. The anterior pituitary 
hormone is thought to be responsible for this. It increases 
in amount up to the fifth month, and then declines. The 
cycle rather resembles & regular menstrual cycle stretched 


out to ten times its usual length (Fig. 106). 
These two hormones are 50 abundant in pregnant women 
in their urine. In 


that considerable quantities are present 1 
of supply of 


fact, such urine furnishes an important source 
over, by M- 


theelin for medical and experimental use. More 
jecting the urine into female rabbits or other test animals, 
as been found even in the 


an accurate test for pregnancy ha 


first month. 
its production of the 


The anterior pituitary steps up 
growth hormone, and the thyroid and adrenal cortex, too, 
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become more active. These conditions seem to be for 
benefit ‘of the embryo. The strain on all the endocrine glands 


at this time is severe, and may lead to upsets and disturbances. 
Supplies of iodine, calcium, insulin, and the vitamins must 
D 


be kept adequate. "Pregnancy," says Hoskins, “is a condition 
exquisitely dependent upon endocri 
Sets up a renewed develop- 
» toward the end of pregnancy, the 
9 supply another hormone, 


Curve of production of 
—— pituitary hormone 


— — Curve ofproduction of theelin 


. i i itar 
Fic. 106. Curves to show the relation of the production of anterior pituitary 
hormone to th ion of thczlin during pregnancy. 


prolactin, which stimulates the mammary glands to prepare 
ive secretion of milk. So potent is it that it will 
rabbits and guinea piss 
to develop by injections 

At last, ] 
the cycle o 
we should 


Then once again is resumed 
truation. One further point 
Why is it that only one egg 15 
ature at a time, while in some lower 
than a dozen are produced? Obvr- 
is not really adequate to accommo- 
mbryos, as is that of mammals like 
hich the embryos develop in the “horns 

$ in the lower portions of oviducts). It 


e S —.— 


^ 


| 
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is clear 
"e ‚ too, that the tendency to have twins or other multiple 
s runs in famili 1 d 
АЗ бсн es. Primates—monkeys, apes, and man— 
5 г отоп і і 
ec aith Md. | T must have acquired genes that, in 
En 2 ended term of pregnancy, limit the number 
qs ag at one time, and so cut down multiple 
. But I Y i 
а зебр how these genes act—through what endocrine 
= p or otherwise—we have not yet discovered. 
Ме have п ү 
E OW completed the gt eat cycle of a human genera- 
ives m conception to contributing to conception, from 
life ыр giving birth. This 1s the story of the continuity of 
E rough genes and protoplasm, and of its unfolding as 
s T i i i i c 
ied interact with their environment. Now seeming direct 
P oresighted, now circuitous and wasteful, this early de- 
D $ і iliti 
A eT of ours is the basis of our later capabilities and 
г 5 eoi cr : 
Ву] 1сар$, similarities and differences, needs and problems. 
у learning its conditions, we May be enabled to lay the best 


Soest ; 
possible foundations. 


Yi MA PA $ Д . 
et our responsibility is broader than the immediate опе of 


ao our kind. The longer our young remain imma- 
With e dependent, the longer will we adults be conczt БЯ 
Неге e care, and our biological responsibility be protracted. 
us. In ud and economic factos oncern 
dange Hie world of today life is b g5 
Epa an ever greater parental care E 
á ger training is required to make our chi 
ent. The generations äre stretching out. Man as an animal 
ighteen years of age; 


s called for, ever 
]dren self-suffi- 


mi Г 
k ght mate on the average or eig 
a social creature he is mating at twenty- 


more а 


becoming 3 Р 
To this subject our 


out them? 


fi 
nal chapter will be devoted- 


CHAPTER VI 


On Growing Old 


(С\Поккм born in 1850 could expect to live, on ms 
average, to the age of forty. Today's babies have a life 


s ain 
expectancy of sixty years, and tomorrow's may hope to atta à 
ап average of seventy to Seventy-five, The noted authority 


E = iis : : shown 
оп American Vital statistics, Dr. Louis I. Dublin, has show 


that this gan in life expectancy applies almost entirely t€ 


r example, males born m 
icy of forty-eight years; those born 11 
—а sizable increase, Yet, while in 1901 
men forty years old might have expected, on the average 
27% additional years of life, in 1930 men of forty could ех- 
pect only 2814 additional years of life. For women virtually 
the same is true, although the gain in life expectancy col 
Uünues for a few more years. The conclusion is inescapable. 


; в Ё ife at 
art of the gains in the expectation of life " 
attributed to the control of infant mortality, d 
elimination of certain diseases of childhood, al 


? the 

: a 406 not been able to stretch 

life span," 

In considering 
© 


а Е ас- 
questions of ageing and death, we must 4 


! Dublin, Louis y. Problems 7 : гу, Ed. Williams 
& Wilkins, Baltimore, 1939. 91 Ageing, Р. 107. Е. V, Cowdry, Ed. 
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o distinct sets of problems, the one 


cordingly deal with tw 
the other with natural 


concerned with health and disease, 
senescence, that is, with the wearing out of physiological 


mechanisms. 


UNTIL OUR PRIME, DISEASE AND ACCIDENT ARE THE MAIN 


ENEMIES OF LONG LIFE 


the life expectancy of those 


We owe the great increase in 
uring the last century pri- 


under forty that has been made d | 
marily to Louis Pasteur, for his discovery that many diseases 
are due to bacteria opened the way for successful campaigns 
against those diseases. “Since 1880... typhoid fever and diar- 
rhea and enteritis have diminished almost to the vanishing 
[ош in many communities; cholera and typhus fever ар 
rarely causes of death in this county to-day; the incidence 
and deaths from diphtheria have been greatly reduced; small- 
Рох is under control in all communities where л 
Practised; bubonic plague, though endemic in ee 
Stricted areas, is not responsible for many Cases of diseás 


imini more 
Many deaths; the infant death rate has been йш Y Pn 
à the death rate from tuberculosis, 2 


i as been re- 
“ime the most important single cause of дыш uie EN 
duced 75 to 8o per cent; hookworm 1$ contro cut 
О 25 Р 1 i untry; à 
South; yellow fever is now non-existent 1n this xs o E 
$ „з roxima , 
ide is under better conna i Apprepulation of the 
white s 
sves are saved annually amons Ше il de of the death rate 
United States as a result of the curtailme 
Since 1900. 


К 
ап 75 per cent.; 


s battle with 


ements in thi 
c germs and 


discovery of specifi : 

ledge of the importance 
8 

ellow fever, of 


о . 
m 1 
di Toa great extent the initial асе 
bee have resulted from the 
eir avenues of infection: ur kno i 
smitting malaria а y 
i Fa 
? Horwood, М. P. "An Evaluation o Шр 
Wn Progress in the United States- ci 
39. 


ë for Public 


o z з 
Ё mosquitoes in tran 
6, June 9, 


ctors Responsibl 
Vol. 89, PP: 517-52 
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flies in spreading the germs of typhoid fever, cholera, dysen- 
tery, and other intestinal diseases, and of rats, fleas, and lice 
in conveying the agents of plague and typhus made rapid ad- 
vances in the control of these maladies possible. General sant- 
tary measures were taken to prevent. the pollution of water 
and milk supplies, and the Screening of houses and warfare 
on vermin have made the notorious epidemics of past centuries 
a half-forgotten nightmare. Equally valuable in controlling 
the inroads of larger parasites have been such discoveries as 
those that hookworms enter through bare feet and that 
trichina worms and tapeworms enter by way of half-cooked 
infected meat. 

In another direction Progress has also been marked—in the 
search for ways and means of destroying germs. Outside the 
Heat proved a perfect sterilizing agent, 
Surate the new day of aseptic surgery: 
to withstand many harsh and effective 
ohol, carbolic acid, and iodine. On the 
ut to be considerably more difficult to at- 
lave gained access to the body, without 


E : Са, yet nontoxic for us in doses that y 

ОГ our invaders, Quinine for malaria and Ehrlich’s sal 
for years the only notable specif 
€nt discoveries of the great value 
ine, sulfathiazole, sulfaguanidine, 
ating invasions of cocci have given 
To be sure, the use of these drugs 15 
angers. Nevertheless, the death rate 
already been reduced go per cent. 
ococcic sore throat, gonorrhea, тетп” 


are now readily conquered. In addition tO 
drugs, new substances are being discov” 
offer even more promise than the sulfa 
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drugs. | There are allantoih, obtained from fly maggot 
gramicidin that comes from bacteria in the soil, We 
та а common green mold, and several Ао 
y in time become as familiar to us as sulfanilamide is 
already. These discoveries open a new chapter in the stor 
of man's struggle with the germs of disease. j 
Diseases spread by the mouth spray of human carriers have 


also b k i 
een successfully attacked. Here Pasteur’s immunization 


methods, worked out originally for the bacterial disease an- 
thrax and for virus-produced rabies, have proved to be of 
most value. Diphtheria, meningitis, infantile paralysis, scarlet 
fever, measles, and certain types of pneumonia have been 
conquered through the use of immune serums. A promising 
new serum for typhus, that scourge of wartime, awaits whole- 


sale testing. ' 

і Another class of diseases ha: 
ficiencies, and these have pro 
conquer. Beriberi, scurvy, and 
join smallpox and “The Black De 
of mankind no longer to be feared. 

There remains a group of diseases we have been but poorly 
successful in combating. Some of these are respiratory dis- 
eases—influenza, tuberculosis, the common cold. For these 
no satisfactory serums have been produced, and as yet no 
chemical specifics have been found. Others of the group ме 
may term functional diseases, since we know very little of 
their primary causes, other than that they are noninfectious. 
The most important of these are cancer, diseases of the heart 
and blood vessels, kidney disorders, the allergies, and insanity. 
Of all such diseases only diabetes has really been overcome. 
e consideration of these subj 
Сһарз. II-VI (Bureau 
New York, 1040). 
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Cancers and cardiovascular * апа kidney diseases account for 
nearly one half of all deaths. Colds, allergies, and insanity, 
although as a rule not fatal, produce temporary or permanent 
incapacity that in the aggregate means an enormous economic 
loss. 

The great difficulty experienced here is variability. Each of 
these isnota single disease, buta multitude of diseases, of com- 
plex and varied origin. There are at least thirty-two different 
types of pneumonia; there are many varieties of cancer; there 
are innumerable allergies; and so on. This is not solely be- 
cause of the multiplicity of causal agents. By far the greater 
difficulty arises from constitutional differences. Fortunately 
for the progress of medicine, we have heretofore been able 
to ignore such factors in dealing with most diseases—that 15. 
the latter fall into the category of differences due to environ: 
ment that are manifested in practically all genotypes (cate 
Богу 4, Chapter IV, p. 212). But now, the time has come 
when we must devote increasing attention to the category ol 
environmentally caused differences that are manifested only 
in a ‘restricted range of Scnorypes (category $). To do this, 
medical science not only must shift its experimental attack, it 
must also combat the rather Widespread failure of medical 
men to recognize that the question of constitutional differ- 
ences has great importance, A medical school that provides 
any acquaintance with human genetics is still a rare excep 
Чоп, and only recently has the study of heredity even been 
recommended as a desirable addition to premedical training: 

Students of immunity and allergy, and researchers working 
upon the nature of cancer have been amono the first to realize 
the necessity of dealing with constitutional differences. The 
Importance of these has been impressed upon them by a num 
ber of observations Such as the following, Gray mice prove 
more resistant to streptococcus or pneumococcus infection 


5 Toc К -— 
The cardiovascular diseases. include the chronic heart diseases, angi” 


pectoris, arterial diseases cerebral h я ified aS 
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than white mice. Black rats*are far more resistant to anthrax 
than white rats. Susceptibility to specific types of net 
definitely hereditary in experimental animals. The produc- 
tion of antibodies in similarly inoculated animals may differ 
enormously. Eskimos and Negroes show a high susceptibility 
ty tuberculosis when living in a temperate climate under 
civilized conditions. Whites are more susceptible to yellow 
fever than blacks. Many diseases, long endemic in certain re- 
gions and among particular peoples, become epidemic and 
far more fatal when introduced elsewhere. This appears to 
allpox, and syphilis, in addition to the 


be true of measles, sm 
n identical twins 


other diseases we have just mentioned. Whe 


have cancer, both have the same type in the same organ at 


tl : 
ле same age. In general, the same type of tumor affects the 


various members of a family. 
Such evidences of the hereditary basis of susceptibility to 


disease have been further strengthened by occasional demon- 
strations of the exact character of the genetic mechanism. Sus- 
ceptibility to diphtheria has been shown to depend on a sim- 
ple recessive gene, and the sam? appears to be true of szarlet 
fever. The inheritance of resistance and susceptibility to 
tuberculosis depend on one or two genes only. Common dia- 
betes is due t0 А simple recessive factor. All allergies, includ- 
ing hay fever, А8010, ШАШ hives, and food idiosyncrasies, 
арреаг to depend on а single, nonspecilic, dominant деле, 
; sensitized, 


“sponsible for the heightened capacity to become 
llergy i5 manifested is de- 


While the form in which the 2 CIR 
termined partly by exposure and partly by пре мә 
t the irregular type of manifestation that resu ts rom 
hereditary susceptibility р al exposure to а 
Stimulus has been exceedingly 


nvironment 
to analyze. 


pilities, and allergies reside 
ability, of the blood or tissues 
carried in the blood; 
Ives, changes of which 


to a : 
produce specific anti 
of as due to the 


a à : 
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formation of antibodies that dre not liberated. ‘The E 
pacity to produce antibodies, whether free or ен 
may be exercised as a normal feature of development; on 3 
dther hand, it may rerhain unexercised until маа 
to the proteins that act as antigens. The antibodies of t М 
blood groups belong in the first category. Susceptibilities an 
immunities to some diseases are also innate, but in many 
cases—measles and mumps, for instance—immunity develops 
only after an attack of the disease. Allergies, cancer, and p, 
sanity appear to belong nearly always to the second category 
The distinction between these categories is of very great v 
portance. We can do very little to control the conditions d 
prenatal development, and consequently in the relative e 
stancy of the prenatal environment the genotype is render 2i 
the decisive factor. Thus, as we have seen (p. 95), the bloo 
groups, in the common sense, are inherited. Those traits 
which mature in the highly variable postnatal environment 
tend to be decisively affected by it. The final factor in ce 
development of a specific immunity or allergy is commonly 
exposure to the specific antigen; the final factor in the de- 
velopment of a cancer is commonly chronic irritation; the 
final factor in the development of manic-depressive insanity 
is commonly a great emotional strain. , 
Here then, where we are dealing with acquired immuni- 
ties, allergies, and functional disorders, since the final racia 
the environmental one, is decisive, they are nonhereditary 
in the common sense. Early in the history of immunology, 
Paul Ehrlich demonstrated this. He showed that, in mice, 


. . 55 
ап acquired Immunity to protein poisons could be tran 
igens, 
9It has been known for a long time that only proteins can act as eR 
that is, as substances Which stimulate the production of antibodies. M that 
at the Rockefeller Institute in New York have recently demonstrate esence 
the specific character of the antigen-antibody reaction is due to the Р опе, 
of complex sugars (polysaccharides) attached to the protein molecule. each 
the sugars have no immunizing effect. Attached to protein molecules: is 
specific зират stimulates the production of its specific antibody, тера 


E д of the 
of whatever differences may exist in the much greater protein part 
molecule. 
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mitted maternally but not ihrough the sperm, and that im- 
munity transmitted in this way is evanescent, and cannot be 
passed on to a second generation. Already in the offspring it 
is but a passive immunity, a mere transmission of the free 
antibodies themselves from mother to offspring, either after 
birth by way of the mother's colostrum? or milk, or before 
birth through the placenta, or perhaps even—though this is 
doubtful-by way of the egg cytoplasm. In any case, the 
transfer of free antibodies is to be sharply distinguished from 
the transmission of genes which lead to the development in 
the young of their own capacity to form antibodies. ‘The 
former essentially resembles numerous artificial measures of 
therapy, such as the hypodermic injection of a dose of the 
diphtheria antitoxin produced by immunizing horses. 
Active immunity, on the other hand, rests upon a genetic 
basis, whether it is innàte or acquired, that is, whether it is a 
natural feature of development or whether it remains as an 
undeveloped potentiality until after exposure to certain ex- ' 
ternal factors. Here we can sce very clearly how hereditary 
and environmental factors are inherently involved im pro- 


ducing a trait. 
Death from violent accident has in recent years become а 


_ very important item in our mortality figures. It now ranks 


in fifth place as a cause of death, just below influenza and 

neumonia (together) and the kidney diseases. Automobile 
accidents alone kill nearly twice as many people today as does 
appendicitis. At first we might think that in accidents the 
1 factors would always prove decisive. Yet few 
holly external in causation. The constitu- 
tional factor is generally of great importance, some people 
being far more prone to suffer accident than others, and of 
those who meet equal mishaps some being far more severely 
injured than others. Heredity, past development, experience, 
external circumstances, and chance are all inextricably con- 


environmenta 
accidents are W. 


т Colostrum is a watery fluid which precedes by a day or two the secretion 


of real milk. 
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cerned in determining the outcome. Let us consider a perti- 
nent example. Each person has characteristic speeds of re- 
action. Thus the braking reaction important in driving а car 
takes, on the average, about half a second, measured from a 
signal given the driver when his foot is on the accelerator to 
his application of pressure on the brake pedal. The reaction 
time does not vary with the speed of the car, hence at бо 
miles per hour an average driver, perceiving danger, will 
cover forty-four feet before he can even begin to check his 
speed. The reaction time of an individual does vary with 
i 86, and with fatigue, but the minimum те- 
action time is characteristic for each individual. It is inher- 
ent, a function of his development, the product of his genes 
and their environment; Who would doubt that this has à 


great deal to do with the incidence of automobile accidents? 


One's fitness to drive a car, then, or more broadly, one's abil- 


ity to avoid accident in any kind of dangerous situation— 


these depend on innate factors that we ignore only to our 
cost. 


е can do nothing to cure PE 
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ing cured an individual’s cancer, schizophrenia, or epilepsy, 
we have not altered any genes that might be concerned, and 
that these may yet be passed on to a new generation to wreak 


havoc upon occasion. * ° о 
е possibilities of further extending our 


Finally, what are th 
life expectancy in the future? How long, on the average, may 
iable improvement in our 


we hope to live if there is an apprect 
control over the cardiovascular and renal diseases, over can- 


cer, tuberculosis, influenza, and pneumonia? About 7.35 years 
might be gained from the complete elimination of the first 
two—but, of course, complete elimination is merely hypo- 
thetical. The elimination of cancer would add 1.45 years, of 
tuberculosis 1.1 years, of influenza and pneumonia about 1.4 
years. Complete elimination of death from accident would 
add 1.5 years to the average life span.’ While such an achieve- 
ment must remain theoretical, an average life span of seventy 
years appears to be attainable in the near future. What this 
means in terms of the number of survivors and of the increased 
expectancy at each age is shown in Fig. 107, which also shows 
the gains made in the United States along these lines ia the 
period between 1901 and 1930. ° 


MPLEX MECHANISMS OF OUR BODIES EVENTUALLY 
WEAR OUT 


THE CO 


We are just beginning to distinguish between ageing and 
disease, to appreciate that distinction between them made 
in the last section. The ultimate, the decisive, factor in dis- 
the action of pathogenic organisms, 
malnutrition, or excessive strain. On the other hand, suscep- 
tibility to particular diseases or disorders is a matter of con- 
stitutional differences, varying from person to person and al- 
tering with age. Thus far, in striving to lengthen the human 
life span, we have merely learned how to avoid some of the 


8 Most causes of death affect the two sexes about equally, 


far more prone to fall victim to accident than females. On t 


women are considerably more subject to cancer than men. 
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Fic. 107. Comparison of su 
for the United States in 1 
Dublin and Lotka's Length 


D es 
rvivors and of expectations of life at e 
991, 1930, and in the hypothetical future. ( 
of Life. Courtesy of Ronald Press Co.) 


o 
external factors that accelerate ageing. We have made n 
i : а п 

progress in learning how to slow down the inherent ageing 


process itself. What has really been discovered about the lat 
ter? 


5 156 
a horse at thirty, а man at one hundred, a Galapagos torto! 
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not until about five hundred. We are more immediately in- 
terested in the variability within a species, to be sure, and 
would like to know to what extent that is fixed and how far 
it is modifiable. Yet, if we can gain some inkling why ont 
species lives on the average two years and another two hun- 
dred, that would very likely throw considerable light also on 
the nature of intraspecific variability in the life span. 

The life span must obviously be correlated with the other 
physiological processes that are characteristic for each species. 
It cannot stand apart. It but marks the duration of that un- 
broken sequence of physiological and structural changes tak- 
ing place in every organism, of which early growth and de- 
velopment comprise but a segment. “We must all be born 
again atom by. atom from hour to hour, or perish all at once 
beyond repair,” said Holmes. Numerous recent studies with 
nutrients made artificially radioactive bear out his words. 
Even the bones and teeth, most permanent of all the parts 
of our bodies, are in constant flux. Could ageing fail to be 
determined by the nature of the earlier processes? The more 
rapidly growth and differentiasion occur, the sooner must 
maturity be attained, and the earlier will senescence encroach 
upon it. The slower one lives and changes, the slower one 
grows—and the longer one may hope to live. A dormant seed, 
a bacterial spore, an encysted animal—these may live for cen- 
turies, it would seem. Small organisms vitrified by extreme 
cold and refrigerated appear to be potentially immortal. Or 
life may be prolonged by reversing the direction of growth. 
It is a fairly common experiment in biological laboratories to 
make planarian flatworms “grow younger" simply by starv- 
ing them, for this brings about a decrease in their size and 
dedifferentiation of their tissues, processes which feeding will 
again reverse at any time. Cantaloupe seedlings that are 
germinated on agar, without any nutrients whatever, at first 
grow vigorously, then remain in suspended animation fora 
while, and thereafter gradually die. There is a high degree of 


negative correlation between their rates of growth during the 
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growing period and the total duration of their lives (—5 " 
—.6). The faster they grow, the sooner they die. Also, t я 
faster they grow, the higher their expenditure of energy, ev 
fate of'metabolism. With rats it is the same. When retarde 
in growth by being kept on a maintenance diet, they still ap- 
pear young at an age of 700 or even 1,000 days, while those 
that grow up normally are already aged or dead. When p^ 
turned to a diet adequate for growth, the stunted rats w 
grow at a normal rate and mature in nearly normal fashion, 
except that they seem unable to attain quite the usual sua 
Evidently organisms grow old fastest while they are living 
most intensely and developing most rapidly. 

The relation between the basal rate of metabolism and the 
life span is also to be found in comparing the two sexes. The 
difference between the metabolic rates of males and females is 
negatively correlated with their duration of life. This is true 
for water fleas (Daphnia); it is true for man; presumably it 25 
a general phenomenon. | 

One school of biologists holds that these facts are indicative 
of ай inherent ageing process in the life-substance itself. 
Protoplasm is a very unstable union of proteins and lipoids, 
they say, an elaborate colloidal system easily destroyed by 
Whatever chemical and physical agents act on proteins н 
lipoids. Such colloids appear to lose their power to adsorb а 
they grow older. Their capacity to take up water also dt 
minishes and they shrink irreversibly. Gradually they lose then 
stability and become less Teactive—and this is the basis A 
senescence, Destroy the dispersion medium of the colloida’ 
System, disrupt the unstable protein-lipoid compounds, ba 
ulate or dissolve out essential materials—metabolism will 
paralyzed, and death supervene. sa 

This conception serves to explain why we shrink in hw 
and decline in stature as we become elderly—our colloids E 
losing their capacity to bind water. It also makes clear w 4 
younger individuals metabolize at a higher rate per un ' 
body weight, since their colloids possess maximum reactivity 
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It explains why poikilothermic ° animals have a life span 
which varies inversely with temperature, for it can be shown 
that colloids age more rapidly as temperature gocs пр. Maybe 
the often fatal hardening of our arteries is due to the loss of 
resiliency and flexibility on the part of the colloids that make 
up the elastic tissue of the walls of the blood vessels. Perhaps 
this is why the old adapt themselves less quickly and effec- 
tively than do younger people to virtually all changes, both 
internal and external, with “a curious kind of faltering or in- 
. The homeostatic mechanisms be- 


decision in regulation. . . 
heir ability to maintain 


come more and more restricted in t 
the essential stability of the blood." 1° 
Other biologists feel that this concep 
is probably too simple. Certainly our investigations have not 
gone far enough to prove the causal relation of changes in 
the body colloids to any of the characteristics of ageing. The 
theory also appears to ignore the potential immortality of 
relatively undifferentiated cells. Among unicellular animals, 
some strains are able to continue living and reproducing in- 
definitely, even without recourse to that process of endemixis 
whereby other strains replace théir macronucleus by а fresh 
one from a reserve store, the micronucleus. In the former, 


favored genotypes the hourly repair of the protoplasm and 
the elimination of wastes are apparently in balance with the 
destructive forces, and no drastic regeneration or rejuvenes- 
cence is necessary. To be sure, strains of other genetic consti- 
tutions are less well balanced. Some of these tend to degen- 
and will die out except for the renovation of endomixis. 
this suffices—from their origin they 
are doomed to inevitable extinction, even in the most 
favorable of environments. Do not facts such as these mean 
that ageing and death result from the failure of repair and 
elimination to keep pace with exhaustion, dissolution, and 

9 Poikilothermic organisms ате those 


body temperature. Their rate of metabolis 


temperature of their external surroundings. 
10 Cowdry, E. V- “We Grow Old." Scientific Monthly, Vol. 50, р. 53, 1940- 
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the accumulation of wastes? Mary think so, and point to m 
experimental work of Alexis Carrel, Lecomte du Noüy, a 
thers.as additional proof. 

сп was the e to develop successful methods for =ч 
tinuously culturing the tissues of higher animals in vitro. 58 
did this by growing the cells in a mixture of embryonic E 
and blood plasma that was carefully controlled to pag 
bacterial infection and to maintain favorable conditions, an 
by then transferring a portion of the tissue to fresh faie eve 
two or three days. Growth of the tissues by cell division 1 
kept up at a stupendous rate. They double about every к 
days, as long as their nutritive medium is kept fresh. If, how 


. H - rew 
ever, they are not transferred, death will occur in a very f 
days, as the cells in the inter 


creasingly cut off from food 
creted but slowly through 
substances accumulate and u 
terior are released, poisoning 


these observations to study what effect the age of the animals 
from ,which the plasma was, taken would have upon п 
growth of cells in tissue-cültures, He found that the older 
the animal from which the supply came, the shorter the e 
cultured cells would survive in it. Evidently, with age bloo ү 
undergoes some form of chemical change that tends woe 
hibit growth and cell division, and to put a term to life. Я i 
à variety of birds ang mammals, including man, there is a 
logarithmic inverse Proportionality between increasing dur 
tion of life and declining rate of growth (Fig. 1084). — ts 
This helped to explain one of Carrel's earlier AR 
A decrepit dog, nearly eighteen years old, had been an s 
thetized and bled, Nearly two thirds of his blood es 
removed, the red cells were centrifuged out, washed, recent hi 
fuged, mixed with fresh Ringer's solution to restore the € 
inal volume, and then reinjected into the dog. After he beg В 
to recover from the shock of the operation, the procedure Е 
repeated а second time. The almost complete replaceme 


lor of the growing mass are in- 
and air, and their wastes are d 
the surrounding cells. Toxic 
pon the death of cells in the in- 


m 
the others. Carrel was led from | 
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Fic. 108. A, the relation between the age of animals from Ww 
taken and the rate of growth of cells (fibroblasts) cultured in that serum. 
B, the relation between the age of a patient and the rate of healing of his 
wounds (cicatrization). (Redrawn from alu Noity’s Biological Time. Courtesy 
of The Macmillan Company) 


of the blood plasma of the aged dog by fresh Ringer's solu- 
tion had the most startling results. The dog’s appetite im- 
proved, “he ran and barked, a thing he had not done for 
years. His eyes were clear, his eyelids normal. His coat started 
to come in; he was gay, active, and most important of all, he 


r indi а at 
was no longer indifferent to the charms of the other sex. 


He was rejuvenated. 

Lecomte du Noüy, of the Pasteur Institute, made studies 
during the World War of 1914-18 that indicate a parallel 
decrease with age in the rapidity with which wounds of a 
given area heal over (Fig. 108B). It is possible to predict 
with great accuracy, for a man of any given age, how long it 


i i i . Macmillan, New York, 
її Lecomte du Noüy, Р. Biological Time, p. 115 DEM 
1937. This book also reports the experimental work menti 
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will take a clean, noninfected wound of a certain area to heal. 
Studies like these have led a number of biologists to the 
concept of physiological time—time measured not by the revo- 
lations of the earth around the sun or its rotation on its axis, 
but by the very changes within each organism itself. Since 
these changes do not proceed uniformly, since the rate of 
growing and living declines as age increases, a sidereal year 
represents very different relative values in this biological time 
at different absolute ages. It appears that the ааай a year 
at any age is about equal to its proportion of the total life up 
to that age, so that a year to a child of ten has approximately 
four times the value of a year to a person of forty, and six 
times the value of a year to a person of sixty. To put it an- 
other way, time seems to flow more slowly to the young. Each 
of us can readily recollect the seemingly interminable way а 
year stretched from one Christmas to the next when we were 
seven. Endless hours filled each of those childhood days: 
swiftly they speed past us now. These experiments show that 
е жэен P Bevel us false. Our sense of time is ze 
night, but on the E. = "crm the alteration of day an 
But growth and di Want wae We gon вой re 
for фе ой, 2 uum Hd sad n ea өү 
et nlii i ‚ as we have seen, and neither г 
do the tonsils x ms T M uns ha decns зе puberty. Ше 
Белә Hox Am er lymphoid tissues, the tonsils wc 
зер йг, У the time we are fifty or sixty years of 28* 
] € organs cease activity at menopause in WO 
en; and the prostate gland of i rip 
their sexual ES 2 н tales, an: unportant = г 
from а progresive 1 s at sixty. Bones and cartilage к: 
hte Шш a ич content, and become "ud 
recede and teeth are m p á ee gu 
Made mer ore fully exposed and tend to be n 
tive tissue. Th Proportionally greater amount of con? 
, 16 skin atrophies, and folds and wrinkles app” 
as its elastic tissue degenerates and the subcutaneous fat 16 
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posits are withdrawn. The hair grays and falls out. The nails, 
tend to thicken and become deformed 


especially the toenails, 
as their rate of growth slows down. Hearing for tones'above 
vithin a single organ theve 


high C becomes impaired. Even у 
may be differences in the ageing process. In the brain, for 
instance, white matter suffers more than the gray, and the 


frontal regions more than the more primitive parts of the 


brain. 

These are nonvital functions. 
are usually first of the vital systems to succ 
a reasonably sound basis for the saying that “а man is as old 
as his arteries.” On the other hand, some systems show little 
or no sign of decline. It has been said on good authority that 
“the possible length of useful life of the visual apparatus is 
at least 120 to 130 yers,” ? that the digestive system too is 
good for more than three score years and ten. 

We should not overlook the fact that the rates of ageing of 
many organs and systems are interdependent. The endocrine 
glands exert a potent influence over other systems in this re- 
spect. Perhaps the brain and nervous system would function 
indefinitely were it not for the failure of their blood vessels. 
Whether the kidneys might last longer than they do, if their 
elaborate circulation only held good, cannot be said. Perhaps 
the nurture of isolated organs in the Carrel and Lindbergh 
artificial heart system will answer some of these questions, but 
within the body we must con 


The heart and blood vessels 
umb-there is thus 


tinue to think in terms of inter- 


relationships. 

Recently Dr. Henry S. Simms, of Columbia University, has 
made an important study which indicates that both the in- 
creasing debility and the increasing death rate that are mani- 
festations of senescence are the result of the same general 
physiological alterations. More than a century ago, Gom- 
pertz declared that after the age of thirty-five the probability 
of-death increases with increasing age in geometrical progres- 
Scientific Monthly, Vol. 50, Р. 52; 1940. 


12 Cowdry, E. V- *We Grow Old." 
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‹ . ON has 
sion, like accumulating compourid interest.13 n -a for 
calculated from the total deaths from all causes кыш 
the year 1936 that the probability of death asta Е бе, 
821 percent per year. Fhe feature of most interes те 
culations is that nearly all diseases fall into two Ee ж 
groups, each of which obeys the compound interest f ii ae 
at different rates. The probability of death from each er 
cardiovascular and kidney diseases increases about 1 1 T dent 
per year. The other group, in which the probability ү ce 
increases about 5 per cent per year, includes most infe ae 
diseases, digestive diseases, lobar pneumonia, ee 
nervous system which are not vascular in character, TCSpI не 
diseases (except tuberculosis and bronchopneumonia), гй, 
pellagra, arthritis, and diseases of the skin and bones— 


5 : from 
inkling, but it is something te have learned that death 


: : stitu- 
50 wide а varlety of causes may be due to a single con 
tional factor, 


Р time, t, апа Po 
BP, = Рем, where P, is the probability of death at a given Я 
is the Probabili 


is а 
"hmi nd А is 
ty of death at birth, e is the logarithmic base, a 
positive constant (the “interest Tate”). 
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change is faster for the vascular diseases. N early four deaths 
out of five after the age of thirty are due not to a greater 
prevalence of disease but rather to the change in the © and 
R functions which increases the death*rate from the same dis- 
eases which affect young people.” 14 

How much more hopeful is such a situation than would 
be the random accumulation of degenerative changes. To 
have one major enemy or two, to seek them out, combat 
them, and overcome them singly—this science has often done. 
We may yet live to see it done again. But who can fight a 
mist, a creeping miasma? 

Whatever such constitutional factors may be, however 
modifiable by environmental circumstance, there is little 
doubt that the genes have much to say in determining them. 
Studies by Karl Pearson in England and by Raymond Pearl 
in the United States indicate that longevity in man is defi- 
nitely influenced by hereditary factors. Pearl, for instance, 
found in the study he made that almost 87 per cent of those 
who lived to a very old age (over ninety) had at least one 
long-lived parent (over seventy), and about an equal propor- 
tion had at least two long-lived grandparents. Any conclu- 
sion as to the degree of importance of heredity here must be 
accepted with due reserve. We should be well aware that not 
only may positive correlations of this type arise from resem- 
blances in genotype but that correspondences in environment 
will also tend to produce them. Thus mortality rates vary 
significantly with income level and hazard of occupation, and 
the death rate among infants of the poor is far greater than 
that among infants of the well-to-do. The potency of he- 
reditary factors in determining longevity must accordingly be 
assessed differently in each of the innumerable varieties of 


usi S. “Ph: Alterations as the Cause of Senile De- 

bility ond Senile Mortality.” Science, Vol. 91 ns» БЕ 7-9, January,5, 1940. A 

1g41 report that the presence бкшейшепегсошеп hormona an есе 

tissues is necessary for the normal functioning of the heart and that either 

too much or too little of these over а prolonged period will lead to heart 
e of the R function. 
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circumstance. Pearl performed & series of experiments ke 
inbred ‘wild-type and vestigial-winged Drosophila that a ; 
the situation clear. Vestigial-winged flies, when raised unde 

standard laboratory conditions, have a higher mortality rats 
than flies with normal wings. Their duration of life was, s 
the average, less than half that of the strain of wild flies use 
However, by increasing the density of the wild-type flies ре 

bottle, their life curve could be made to correspond to that 
of vestigial flies; while, under complete starvation, the үө 
tigial flies equaled the performance of the normal flies, к 
gardless of the initial density. Clearly, the hereditary To 

that differentiates vestigial from wild type does not inherent y 
determine the length of life. It somehow militates pones 
optimum use of the standard environment by the vane 
winged type. Other experiments have shown that wild popu 
lations contain numerous genetic factors which similarly vary 
the adaptation to particular environments. Heredity and en- 
vironment must always be considered together.!5 2. 

In most cases the influence of the genes is not negligible. 
What an abundance of lethal.and semilethal genes are know 
in those organisms which have been studied genetically 
Most of those in man produce fatal consequences in js 
development, but there are a number which act later. x = 
dominant gene for Huntington’s chorea usually manifes 
no effects until after the carrier has attained maturity, “о 
often not until the age of thirty-five or forty. Diabetes is 
commonly not manifested until middle age. Hemophilia. ë 
sometimes not fatal until the victim is well on in life. T 
tendency to develop cancer finds expression, as a rule, ony 
late maturity or old age. Just as plausibly we may assu " 
that there are also genes which, either singly or in conju™ 


1 e 2 or 
ton, are responsible for the breakdown of the circulatory 
system or kidneys, 


15 Pearl, Raymond 
Johns Hopkins Press, 
Pearl, Raymond. “Е 
ogy, Vol. 3, 
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and Pearl, Ruth D. The Ancestry of the Long 
Baltimore, 1934. А Biol- 
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ch into the causes of death of 
those who have lived apart for 
should be highly illuminating. 
hat identical twins frequently 
fall ill of the same diseases and die within weeks or days of 
each other, but no?extensive study has as yet been under- 
taken. Most studies of twins stop short with their history at 
the time of investigation—or at least the twins under obser- 
vation were initially so young that follow-up studies have 
not yet reached the period of their old age and death. 

Some day men may live to the average age of a century. 
First, however, there will have to be an intensive search for 
the genes that make for long life and a laborious exploration 
of the ways in which they produce their effects. Working 
from the environmental side, we may improve our measures 
to ward off disease and accident and to strengthen our re- 
sistance to whatever factors speed up the impairment of our 
vital faculties. But some day we may reach this goal, perhaps 
's time. Will men be any happier then 


than we are today? Ifa lengthened life means merely a pro- 
longation of the years of senility and decrepitude, who could 
wish for it? Or isa placid, vegetative existence of a century 
to be prized more highly than a short life and a merry one? 

These are questions of values, and men will judge vari- 


ously. There were Schubert and Keats who matured early 
but died young. There were also Titian and Edison, who 
did some of their best work after they were seventy, men 
who grew greater as they grew wiser in experience, yet re- 
mained eager as youths to learn something new and to ac 
complish something "finer. If most old people lose their 
terror of death as their passions decline and their sensibility 
to pain diminishes, whence 50 startling а zest for life in 
others? Does it come from their continuing purpose 1n exist- 
ence? If so, how important for us to plan for our future 
years—not so much for our security as for the continuation 


of useful activities, of vital interests. 


| On these questions теѕеа? 
identical twins, particularly 
some time prior to death, 
There are general reports t 


even in our children 


To keep on growing— 
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is this our fountain of youth? Our bodies have differen- 
tiated until with specialization they have lost the capacity t° 
grow and even to repair anything more than minor injure 
"The mind, however, may hold its power to develop, insofat 
as we know, as long as it is fed and exercised. 

Genes alone do not make the man, and our development, 
as it progresses, tends to become more modifiable by environ 
mental factors. For this reason, as we age we need to devot? 
a greater proportion of our energy to conscious direction 
of, and control over, the changes within us, lest we suffer 
the dire consequences of haphazard development. Our ше 
est opportunity to do this undoubtedly lies in the sphere e 
the mind. р 

The peril for us lies in the probability that in becoming 
overspecialized for a particular niche in human society we 
may, like our cells and tissues, lose our adaptability- How 
many men, as they retire or are thrust out from lifelong oC 
cupations, are at a loss what to do with themselves! Yet the 
mind need never be narrowed to occupational interests alone. 
One's occupation should rather be the center of an ever 
broadening sphere of related interests, and one’s life, 25 
Havelock Ellis urged in The Dance of Life, an art—the great 
est, indeed, of all the arts—consciously pursued as such, to 
its very end. The world has need of old people, need for their 
wisdom, their guidance, and their experience. But for that. 
day when we too shall be old we must plan and prepare 
now, lest our wisdom and skill be found inadequate. 

In the end we shall pass away—as “the grass withereth and 
the flower fadeth." Only those genes that made us, as they 
made our forefathers, cast into ever mew combinations 1D 
the recurrent cycle of sexual reproduction, may live on LO 
produce new hands, new eyes, and new minds, to test out 
each variety of environment, to continue our struggle tO 
mold a world one step nearer the heart’s desire. 
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259, 260, 268-77, 865; cavity, 235. 
240, 242, 245, 303; diseases of, 366; 
tube (gut), 249, 253, 254, 265, 268, 
271, 275; 284 

Digit, 259, 288, 305, 311, 315, 316, 334 

Dioecious, 141, 146 1 

Diphtheria, 349, 351, 353, 
toxin, 355, 356 

Diploid(y), 64, 67, 71, 92, 10% 121. 
124, 126, 127, 128, 129, 130, 131, 
133, 186-40, 145» 147, 148, 151, 152, 
1158, 154, 156, 157, 162, 225 

Disease, 332, 338, 348, 519-57, 366. 
367, 369; susceptibility, resistance 
to, 179, 214, 260, 352-56, 397. See 
Man, hereditary disease; Cancer, 
Diabetes, Tuberculosis, etc. 

Distribution, bimodal, 178; normal 
frequency, 177-79; of substances, 
229-31, 240, 242-46, 259-68 

District, 193, 194, 201, 208, 209 

Division of labor, 45 54 120, 167, 
921, 224-25, 228, 231, 232, 240 


356; anti- 
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Dew, 170, 211, 343, 345; 362-63; basset 
hound, 207; dachshund, 207; mas- 
uff, 333; Pekingese, 3337 St. Ber- 
nard, 333 

Dominance, 82, 83, 88-89, 99, 92-93, 
95. 98, 101, 102, 103, 161, 168, 170, 
174, 175, 184, 185-88, 198, 208-09. 
See Allele 

Drosophila, Bar, 83, 109-10, 111, 213- 
14; black, 118-15; bobbed, 160; car- 
nation, 109-10, 112; chromosomes, 
15, 16, 17, 18, 27, 28, 117, 147-54 
161, 168; cinnabar, 196; crossing 
over, 109-15, 117; diffusible gene 
products, 181; dumpy, oblique, vor- 
tex, 97-98; hormones, 195-97; inter- 
sexes, 156, 157; linkage groups, 105; 
multiple alleles, g2, 187, 188; mu- 
tants, 73, 97-98; mutation in, 74775: 
77. 79: purple, 113-15; recombina- 
tion, 106-07; scarlet, 196; sex deter- 
mination, 147-54; 5 -imited in- 
heritance, 160; sex-linkage, 158; 


transplantation, 182; vermilion, 
196; vestigial, 113-15, 368; white 
brid, 


cosin, 188; yellow, 185. See Hy 
Intersex, Nondisjunction 

Dublin, L. I., 348 

Duct, bile, 270; endolymphatic, 297: 
excretory, 255, 256, 283, 284, 285, 
286, 287, 33: ymph, 272; pancre- 
atic, 271; sexual, 200-01, 246, 284, 
487, 336-37, 339, 310, 344 

Dunn, L. C., 160 

Dutrochet, 7 * 

Dwarf, 333, 334- See Cretinism, 
Midget 

Dysentery, 349 


Ear, 194, 257, 258, 273, 275, 293-01» 
321, 322, 325, 326; bones, 294, 295- 

-96, 299; -drum, 294, 296, 309; oto- 
liths, 297, 299. See Canal, Cochlea, 
Hearing, Sacculus, Utriculus 

Earthworm (Lumbricus), 122, 138, 
223, 255, 256 

Ectoderm, 192-95, 235-38, 239-41, 242- 
дт, 248, 289, 293, 301, 316, 326 

Educational achievement, 218 

Egg (ovum), 10-12, 24, 32, 34, 35, 49, 
50, 54, 58, 59-63, 64, 65, 68, 82, 84, 
98, 100, 103, 121, 125, 127, 129, 130, 
132, 138, 184, 144 145, 147 148, 
150, 151, 152, 153, 154, 155, 156, 
189, 192, 210, 225, 226, 227, 229, 
241, 246, 251, 339. 311, 342, 3. 
347, 355: bird, 59, 234-35, 236, 219: 
fish, 249; frog, 234, 249 huinan, 
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56; mammalian, 59, бо, 191; rum- 
ber, 336; reptile, 249, shell of, 345 
Ehrlich, Paul, 350, 854 
Elbow. See Limbs 
Electric energy, 39, 40, 
Ellis, Havelock, 370 n 
Émbryo; 59, 182, 193, 193, 234-35, 362; 
division of, 4.4; embryonic disk, 237, 
238, 254; human, 2, 
229-30, 236-38, 242-43, 
254, 255, 256, 257-340, 345, 946; 
mammalian, 260, 346; membranes 
of, 246-52; monsters, 207, 208, 227; 


125, 191 


, 227; 
sack, 62, 132 
Emotion, 323-24, 854 
Enamel. See Tooth 
Endocrine gland, 198, 323, 328-34 


338, 346, 365. See Adrenal, 
tary, Thyroid, ete, 

Endoderm, 235-38, 239-41, 
247, 248, 260, 271, 283 

Endolymphatic Sack, 297, 298 

Endomixis, 361 

Endosperm, 62, 107, 130, 132 

Епегру relations, 163, 164, 
287 

Enteritis, 349 

Environment, 2, 43, 44, 53, 136, 141, 
161, 178, 180, 187, 189-90, 191, 1 
198, 205, 229, 227, 290, 
241, 261, 287, 288; д 
162-64, 211-20, 225, 35 
70; Internal, 136, 180, 
prenatal, 354 

Enzyme, 7» 41, 166-68, 184, 186, 1 
196, 225, 305; digestive, 236, 
271, 272, 276 

Ephestia, 18g, 196-97 

Epidermis, 195, 301, 302, 03 

Epididymis, 339, 341, 344 

Epigenesis, 49-50 

Epiglottis, 279, 280 

Epilepsy, 557 

Epiphyses, 314 

Epistasis. See Precedence 


Pitui- 


242-46, 


+ 133, 184 
166, 270, 


92, 


Epithelium, 261, 273; cells, 2 

Equilibrium, 193, ‘281, 288, ао. 302 
200, 326 E 

Equisetum, 136 

Eskimo, 353 

Esophagus, 269, 273, 274, 25 

Ether, 28 th Fe дар 


Eugenics, 212, 214 
Eustachian tube, 25 


Д i 73, 294, 296 
Evening Primrose. See Oenothera 


Evolution, 71, 18, дэ, 106, 120, 198, 
196, 146, 147, 156, 157, 161, 189. 
222 


Excretion, 229, 231, 240, 

260, 270, 282-87, 361, 3 d: 

ee qs d 
; globule, 244 

182, 4 


196, 212-14, 221, 


, 288, 289-93, 


aq E 
choroid layer, 298; аб 
lens 
mus- 


conjunctiva, 
iris, 169, 181, 2 
194, 289, 290, 291, 2 
cles, 292, 304; pupil 
289, 290, 292 

289; sclera, 29 aoe 
ous humor of, SUPE 
See. Albinism, Blindness, Colo 


259, 304. 309. 333 
09, 259, 3 К, 2, 
383- 


Face, 204, 2 

Factor, genetic, 129, 135 
288; multiple, 175-80, 
Gene йй 

Fallopian tube, 61, 236. See Ovid 

Family, 344 к. ate 

Fat, 592 164, 216, 271, 272, 303. 3 
339, 334. 364 

Fatigue, 356 

Feather, 297 


178 
Female, 113, 120, 121-22 


e E sperm (Mar 


148. 

ition, 53, 60-63, UM 122. 

150, 152, 155, 342, 344; < = Goði 
141; double, 6s: randomness, 60 


39, 14!7 
70, 90, 158; self-, 122, 128, 139 


See Embryo 


on, See 
Fiber, mantle, 21; spindle, 22, 29: 

Muscle, Nerve 
Field, gradient, 192-94. 
Fin, 257 * 


Finger. See Digit 


201, 208 


: 7, 265, 279 
Fish, 139, 156, 249, 251, 257, 24, 344° 
285, 295, 296, 298, 320, 374) ng" 


dog-, 228; lobe-finned, 311; 
260, 267, 278; sun-, 206, 207 
Fission, 31, 37, 40, 42, 43, 122 
Fitzpatrick, F. L., 351 
Flagella, 45, 55, 58, 230, 241 
Flagellate, 134 
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Flatworm, 137, 243-46, 291. See Pla- 
naria 9 

Flea, 350 

Flemming, 12, 13 

Flower, 122, 132, 137-38, 141, 175-76. 
See Color, Pigment, Plant 

Fly, 351. See Drosophila, Sciara 

Fol, 12, 13, 63 | 

Follicle, 302, 336, 339, 3414 3420 343 

Food, 10, 33, 42, 45» 50 58) 59, 63, 65, 

123, 125, 131, 132, 136, 165, 16 
225, 226, 229, 238, 241, 248, 2 
251, 260, 263, 269, 272, 280, 303. 
344; -getting, 240. See Diet, Nutri- 
tion 

Foot, 221, 288, 305, 306, 811, 312, 315, 
316, 333; congenital absence of, 76. 


77, 78 — 

Form, 191-92; determination of, 194. 
201-10, 221, 229; development of, 
253-5 

Four шы See Mirabilis jalapa 

Freemartin. See Cattle 

Frog, 129, 191, 192, 223, 234, 236, 242, 
249, 257, 267, 281, 311, 3440 

Fruit fly. See Drosophila 

Fucus, 60; sperm, 57 

Funaria, 136-37, 139 

Fundulus, 15 

Fungus, 67, 135, 144 


Gamete, 47, 53-64, 64-70, 80, 83, 84. 
89, 90, 95, 96, 97: 98, 90, 100, 101, 
103, 107, 108, 115, 117, 121, 122, 
124-29, 130, 134, 135, 139, 142, 144, 
145, 158», 171-73; formation, 130-33; 
frequencies, 109. See Egg, Sperm, 
Syngamy 

Gametophyte, 127, 128, 132 

Gammarus Chevreuxi, 18, 

Ganglion, 245, 317, 318, 320, 326, 327 

Gastrovascular cavity, 2 240 

Gastrula, 234-36, 238, 239, 219, 242, 
248 

Gates, R. R^ 77... 

Gel, 9, 21, 32, 35-30 

Gene, 8-12, 18, 44 47> 59 

9 


61, 63. 
ашоп- 


complem 
10, 136, 2225 
tion of, 79, 82, 11% ? ug 
184, 1873 duplicate, 1745 duplica- 
tion of, 19, 26-27; 29. 33, 43; 80; 
human, 82, 158. 240, 368; їпде- 
pendent (random) assortment of, 


* Germ, 275, 296, 349, 350. 
©Сїрдпїїзш, 209, 332-33 
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98-103, 104, 105-06, 116, 117, 142, 
146; interaction, 103, 167-80, 353: 
lethal, 75-77, 79, 91-02. 143, 333 
368; linear seriation, 116, 118; lo- 
cus, 26, 112, 114; maps, 1b, 116; 
modifying, 170, 187; mutant, 41, 
109, 11o, 113, 128, 310; number of, 
69; parallel behavior with chromo- 
somes, 102-06, 109-12; potency, 187, 
213; products, 180-90, 192, 228; re- 
combination, 68, 80-103, 107-20, 
141, 146, 151, 161, 172, 178; regu- 
lation of development, 167-90, 192. 
195-98, 201, 205, 207-08, 219-20, 225, 
249, 288, 305. 333, 334, 347. 367-70: 
sex, 195-38, 139, 140-1, 144-46, 1477 
573 sex-linked, 157-62; stability of, 
74, 78, 86, 89-90; string, 27, 28; 
subject to natural selection, 222; 
symbols, 83. See Allele, Crossing 
over, Linkage, Mutation 
Genetic continuity, 11-14 
Genetics, human, 352 
Genitalia, 200, 201, 337-38. 339-41 
Genotype, 83-85, 89. 9% 9 96, 97. 98. 
99-101, 102, 108, 136, 138, 142, 144. 
145, 164, 169, 182, 185, 186, 188. 
189, 199, 201, 212-15, 219, 352. 354. 
361, 367 
Genotypic ratio, 85, 89, 90, 9 


8 
See Bac- 


teria, Virus " 


Gill, 194, 265, 278, 279, 204: arch, 
309; bar, 278, 295, 296, 310; cleft 
(furrow), 249, 257, 258, 265. 274, 
278, 294, 39 muscle, 304; pouch 
(See Pharynx, pouch); slit, 257 

Ginkgo, 55 

Gland, 289, 317, 325, 328-34, 311: 
cells, 241, 244, 271, 272 276, 285, 
„302, 316; gastric, intestinal, 
271; lymph, 2 ; shell. 
246; skin, 9 ts 302, 
303; tear, 325; Y 246. See Ad- 
renal, Endocrine, Mammary, Pan- 
creas, Parathyroid, Pituitary, Pros- 
tate, Salivary, Thymus, Thyroid 

Globulin, 35-36 

Glucose, 59. See Sugar 

Glutathione, 39. 40, 41. 186; structure 
of, 52; tests for, 

Glycerin, 272 

Glycogen, 59. 269, 27! 

Goiter, 211, 328, 329. 330, 366 

Gompertz, 305 E 

Gonad, 287, 335-36, 338. See Repro- 
duction, organs of; Ovary; Testis 
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Gonorrhea, 293, 350 [< 

Gourd, 208 

Gradient; axial, 193, 194, 200; elec- 
tric, 209; growth, 205-07, 209, 210; 
metabolic, 191, 192. See Concentra- 
tion, gradient; District; Field; Sym- 
metry * i 

Graft, 194, 199 

Gramicidin, 351 

Grasshopper (locust), 15. See Apot- 
tetix, Stenobothrus 

Gravity, 192, 197, 299 

Gray, James, 35, 38 

Gregarine, 126; gametes of, 54 

Growth, 1-2, 65, 131, 132, 163-220, 
221, 226, 253, 275, 314, 320, 
336, 340, 359; beginning of, 2 с 
center, 205-07, 209; gene-contro 
186, 207-0! hormones, 332-3. 
(See Auxin); primary and 
ary, 38; rate of, 362, 363, 364; rela- 
tive rates, 201-10, 259; requisites 
for, 09-10. See Gradient, growth; 
Heterogony 

Guinea pig, 98-101, 182, 345, 346 

Guppy. See Lebistes 

Gut. See Digestion, tube 

Gymnosperm, 57 

Gynandromorph, 181 


Habit, 319 

Habrobracon, 196 

Hair, $09, 235, 257, 301, 302, g 
beard, 340, 341; hairlessness, 41 
rough vs. smooth, 98-101; woolly, 
73: 76. See Albinism; Color, hair 
ammer. See Bone 

Hammett, F, S., 41-42 
and, 221, 288, 305, 306, 311, 313, 
315, 316, 333; congenital absence 
Of, 76, 77, 78. See Left-handedness 

Haploid(y), 64, 66, 67, 71› 108, 105, 
100, 117, 122, 123, 124, 125, 196, 
127, 128, 129, 190, 131, 182, 133, 
136-40, 144, 146, 148, 152, 153, 154, 
157, 158 

Harelip, 76, 310 

Hartmann, М., 134 

Нагуеу, 49 

Hawkweed. See Hieracium 

Head, 191, 193, 202, 205, 206, 207, 
216, 241, 242, 243, 246, 253, 255. 
?59, 262, 264, 297. 299, зоб, 307, 
310, 333; of sperm, 54-55, 61, 63 

Hearing, 174, 288, 294-96, 208-301, 
322, 324, 225, 365. See Ear 

Heart, 194, 209, 210, 248, 2 8, 249, 2x у 
256, 258, 262, 265, 264, а ane. 


INDEX 

79, 321, 325, 333. 36 
a 329. 331; disease of, 
366-67, 368; muscle c 
tition, 266-68; pericardium, 
valve, 266-67, 268 ай) 
Heat, 40, 350; sense of, 288; (sexual), 


-beat, 326, 


Hehe See Stature 

Heilbrenn, L. У., 38 

Hemoglobin, 260, 270 

Hemophilia, 76, 158, 187, 
368 

Heredity, 1, 2, 8, па 19 : 
70. 92, 167, 172, 1 о, 186. ; 
Le ie theory of, 65, 103-046 190: 
cytoplasmic, 188-90; and environ 
ment, 162-64, 211-20, 225, 3: $^ 
361, 367-70; maternal, 188-90, § 
55: Mendelian laws of, 87, 100 
104, 118, 172; pattern of, 
103, 157, 162, 214, 225, 
251, 310, 324 

Hermaphroditism, 122, 135, 138, 141, 
246, 254, 398, 340 

Herrick; C. | -24 

Hertwig, Oskar, 12, 13, 14, 63, 103. 1 

Heterogony, 202, 203-10. See Growth. 
relative rates aes 

Heterozygosity, 84-87, 89-91, aioe 
10: 110, 112, 113, 187, зы 
144, )9. 179, 181. See Allele, Gene 

Hieracium, 81 

Hog, Duroc-Jersey, 174 

Homeostasis, 361 ho- 

Homologue. ‘See Chromosome, 
mologous 

Homology, 223, 811 

Homozygosity, 8. -87, 89 
137. 198, 140, 14143, 54, 168, 160, 
181, 185, 246. See Allele, Genc 

Hookworm, 349. 350 

Hopkins, 52 S08 

Hormone, 6, 38, 39, 181, 192-201, on 

315, 328-34, 366; molting, 195; oon 

198-201, 209, 338-43, 315-46. Pp 

Auxin, Cortin, Insulin, Organizer. 

Secretin Thyroxin 


107-00, 


5: 

Horsetail. See Equisetum 

Horwood, M. P., 349 

Hoskins, 346 

Huntington’s chorea, 76, 214, 368 ^ 

Huxley, J., 210; and G. R. Dc есе 
201. Sce Wells, Huxley, and М ut 

Hybrid, 84, 89, 90, 92, 100, 156, WE. 
173, 176, 189; sterility, 27, 156-57 
See Heterozygosity 
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B 
н 44, 198, 223, 239-41, 243, 245, 
Hydrogen, 39, 165; sulfide, 28 
ydrogen ion, 183. See pH 
Чуйго, 208 
ydrolysis, 164, 165, 166 
Hydroxyl, 165, 183 > 
Hypertrophy, 211, 330 
Hypophysis. See Pituitary glend 


Identical si 227, 95 

a BIBS 44, 227, 353, 369 

Immunity, 261, acquired (раѕ- 
sive), 351, 354 active, 351, 355 

Implantation, embryonic, 238, 342, 
345 

Inachus, sperm, 57 

inbreeding, 69, 77, 87-88, 98, 141-43, 
24 

Indian corn. See Maize 

Individuality, 70, 231-34 

Infantile paralysis, 5, 851 

Influenza, 6, 351, 355, 357 

Infusoria, 58 

Inheritance. See Heredity ә 

Insanity, 351, 352, 354 357 

Insect, 62, 129, 135, 139, 141, ! 
304, 319. See Ant, Вир, Drosophila, 
Mosquito 

Instinct, 232, 319 

Insulin, 39, 271, 328, 334, 346, 356 

Integration, 190-211, 221 

Intelligence, 175, 178, 179 
316, 323, 324, 333, 334 

Interference, 115 

Interphase, 14, 15, 16, 20, 22, 24, 27, 
28, 41, 63. See Mitosis 

Intersex. See Sex 

Intestine, 209, 210, 250, 270-72, 303, 
325, 328, 335; colon, 269; duode- 
num, 274; rectum, 269, 286, 287 

Invagination, 234. 235, 239, 240 

Invertebrate, 129, 139, 181. See In- 
sect, Worm 

Iodine, 211, 213, 214, 216, 329, 330, 
346, 350 

Iris. See Eye 

Iron, 216, 260, 270 

Islets of Langerhans, 
Insulin, Pancreas 


216, 218, 


ат, 328. See 


Jaundice, hemolytic, 187 A 

Jaw, 205. 249, 257: 276, 295. 296. 304, 
309, 310. 325 

Jennings, Н. S., 11, 43, 45 

Jimson weed. See Datura 

Joint, 306, 307, 31% 312 
315, 341 


‚ 313, 314 


81,7 
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Kidney, 209, 211, 222, 243, 248, 250, 
270, 282, 283, 284-86, 287, 331, 335, 
336, 339, 365; disease of, 352, 355) 
357, 306, 368 

Knee. See Limbs Ы 

Labor (childbirth), 303, 315, 382, E 
346 

Lamarck, 7 

Lamprey, 223 

Lancelet. See Amphioxus 

Landsteiner, Karl, 94 

Lange, Johannes, 216-17 

Larynx, 279, 280, 310, 321, 341 

Lathyrus. See Sweet pea 

Lead, 40 

Learning, 319, 321 

Lebistes, 106 

Lecithin, 60 

Lecomte du Noüy, P., 362, 363 

Leeuwenhoek, 49 

Left-, right-handedness, 210 

Leg. See Limbs 

Lens. See Eye 

Lethal, 75-77, 79, 91-92, 137, 143, 168, 
169, 185, 368; semi-, 75-77. 368 

Life, beginning of, 1-2; а continuum, 
7, 8; expectancy, 348, 319, 357, 358: 
length of, 367, 968; nature of, 6-7; 
span, 358-60; unity of, 20 

Ligament, 306, 313, 315, 340; of lens, 
291, 292, 2 


93 Н 
Light, 47, 136, 186, 197, 245: 280, 291, 


293 
Lily, 137 
Limbs, 194, 202,.203, 205, 207, 209, 


257, 258, 259, 264, 303, 304-06, 311- 
16, 333, 337, 341. See Foot, Hand 

Linkage, 103-20; groups, 104-06, 116, 
160. See Sex, linkage 

Lipoid, 59, 360 

Lips. See Gastrula, Mouth, Vagina 

Liver, 209, 260, 261, 269-70, 271, 272. 
278, 325, 328 

Liverwort, 127, 146, 149; sperm (Pel- 
lia), 57. See Sphaerocarpus 

Lizard, 236, 289, 311 

Localization, of substances, 192-93. 
209, 224, 229 1 

Locomotion, 37, 58, 123, 229, 241. 
See Movement 

Locy, W. A. 13 

Loin, 304, 308, 327 

Louse, 350 

Lucretius, 48 

Lumbar. See Loin 

Lumbricus. See Earthworm 

Lung, 209, 222, 248, 257, 263, 264, 
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265, 266-67, 268, 273, 274, 
Lygaeus, a 
Lymantria, 1 
Lymph, gland, 260, 275; 

272, 354; vessel, 272, 2 


277-83 


tissue, 261, 
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Maize, 105, 117, 138, 139, 140-41, 184, 
186; barren-stalk, 145; crossing over 
in, 107-09; lazy, 107-09; nana, 198; 
Starchy, sugary, 107-09; tassel-seed, 
145-46 

Malaria, 349, 350 

Male, 113, 120, 121-22, 130-33, 133- 
38, 138-46, 147-57, 159, 162, 198- 
201, 254, 280, 285, 286, 334-41, 343- 
44, 357, 358, 360 

Mammal, 59, 61, 125, 135, 199, 200, 
223, 261, 267, 281, 298, 301, 302, 

4, 311, 312, 315, 321, 329, 

39. 344, 362; embryo, 2 

273. 295; mutants in, 75-76 

Mammary gland, 235. 257, 303, 346. 
See Breast 

Man, 129, 224, 234, 347; allelic series 
in, 93; chromosomes, 2 » 149; chro- 
mosome number, 14, 15, 149; chro- 
mosome recombination in, 68-70; 
development, 155, 198-201, 223, 226- 
28, 229-30, 236-38, 


242-43, 246-52, 
253, 255, 257-340; gametes in, 54- 
55; hearing in, 174-75; hereditary 


disease, 187, 196, 211, 214, 215, 368: : 


life span, 358, 360, 362, 367; mu- 
tants, 73, 76-77, 78, 81-82, 88, 198, 
57, 173-74, 353; 
› 147-57; white, 
See Accident; Adolescence; 
Age, old; Ageing; Baby; Childhood; 
Disease; Eskimo; Maturity; Negro; 


Mariow. See Bone 

Mast, S. O., 1-42 

Mastoid, 296. See Bone 

Mating, 343-45, 347; types, 134-97, 
See Sex 5 4v. Чур 34-35 

мш. 339, 340, 342, 347, 348, 359, 
3 


Mealmoth. 
Mean, 177 
Measles, 351, 353. 354 
Medulla, of adrenals, 
321, 323, 325-27; 
199 
Megagamete, 54, 58, 62, 180, 192, 
134. See Egg (ovum) 
Megaspore, 130, 132, 133 
Meiosis, 63, 64-70, 80-10 
106, 108, 111, 118-20 


See Ephestia 


331; of brain, 
of gonads, 198, 


133, 


3, 104, 105, 
> 122-24, 125- 
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ID 
131-33, 137-38, 139, 14041 
ie. 148, 150, 15 161. 


prop 111 

Melanin, 171 

Membrane, basilar, 299-301: 
310; cell; 182, 228; egg, 58 
ferentially permeable, | ВЕ 
onic, 246.52; fertilization, 6s; Д. 
meneal, 337, 340; nuclear, 12 
22, 29, 182; peritoneal, 3; 

33: tectorial, 299, 300; 


5 e 
ndulatory, 


5 
Mendel, 18, 65, 80-81, 87, 99, 103, 119 
Meningitis, 350, 351 | f 
Menopause, 216, 364 2, 346 
Menstruation, 303, 342, 313, 345, 

Mesentery, 335 
Mesoderm, 242-46, 247, 2. 
257, 260, 265, 271, 276, 2 


293, 303, 305, 306, 313, 331, 385 | 
330; segments, 255, 256, 282-05 


O4, 316, 326 гат, 
Metaboli, qo. 41, 44, 164, 191, te | 
270, 283, 328, 330, 334, 338, 359 
361 i 
Metaphase. See Mitosis 
Methyl, group, 183, 184 
Microdissection, 36, 37 30, 18°. 
Microgamete, 54, 55; 58, 62, 130, 1! 
133, 134. See Sperm 
Microscope, 5; electron, б 
брон; 130, 182, 138, РЕГ 
Midget, 178, 1 » 333. See GN, 
Mineral, 16, Ба, See Calcium 
Iron, Salt, etc. 
Minnow. See Fundulus 
Mirabilis jalapa, 88-90, 92, 175 Ч 
Mirbel, 7 ү 
Mite, 14 И 
Mitochondria, 31, 60 8, 
Mitosis (cell division), 8-15, oe 
64, 66, 71, 122, 123, 124, 126, " 


h 29; physical system, 3 
37; prophase, 20-21, 22, 23, 24: 


29, 40, | 
27, 28, 41, 63, 65, 66; rate of, 23, a 

182, 192; relation to reproduction: J 
42-47; role of chemical substa 2 | 
in, 38-41; telophase, 21, 22, 


74: types, 20-25; uniformity of. 19°, | 
20 
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Mohr, O. L., 76, 86, 201 
Mold, black, 146; bread (Mucor), i35 
green, 


Mollusk, 1 
Monaster, ее Spindle, half- 
Mongolian idiocy, 
Monkey, 227, 237 
347 
Monocotyledon, 62 ea ° 
Monoecious, 141 
Montgomery, Т. H., 65 
Morgan, Thomas Hunt, 73, 112 
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9. 309. 316, 324. 


Mosaicism, 181 
Mosquito, 15 49 
Moss, 12 See Funaria 


Moth, 1 gypsy (See Lymantria); 
meal- (See Ephestia); silkworm, бо, 


ур 


15, 82-85, 129, 168, 313, 346, 
fieldmouse sperm, 57: 


3 4 
short-ear, 208 

Mouth, 239, 240-41, 
265, 2 D 


265, 268, 
332; gum, 
Jaw, Saliva 

Movement, 240, 2. 
Locomotion 

Mucor. See Mold 

Mucus, 236, 241, 244, 271, 

Mulatto, 171-73, 176 

Muller, Н. J., 77, 112 

Mumps, 

Muscle, 210, 211, 243, 249, 259 


y gland, ‘Tongve, Tooth 
46, 288, 326. Sce 
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331, ‚ 839, 36 ; 
fiber, 271, 291, 304. 305. 317; tone, 
288 
Mussel, 134 
Mutation, 71-80, 82, 92, 118, 129, 137. 
140, 143, 146, 147, 151, 56, 161, 
gil, rate, 74. 


Niigeli, 81 

Nails, 235, 301, 305 

Navel, 248, 249 

Neck, 255, 259, 202. 2 
281, 282, 304 0, 3 

Negro, 170-74) 353+ Bantu, 
Pygmy, 157 

Nereis, 61 

Nerve, 210, 
328, 329; auditory, 
325: cell, 220, 210, 
316-20, 318, 322, 327, 33 
325: (dendrite), 317; брег, 
300, 817, 318, 320, 32°, 324. 8 


288, 302, 303. 
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926, 327; impulse, 317, 318, 319: 
olfactory, 325; optic, 289, 292, 324. 
Nervous system, 192-93, 235, 249, 246, 
254, 250, 259, 316-27, 305; ашо- 
nomic, 302, 3 7; diseases of, 366; 
parasympathetic, 327; sympathetic, 
326-27, 331 
Neural crest, 326 
Neural groove, 242, 253, 254, 255» 256 
Neural tube, 192-93) 194, 242, 255, 
‚ 257, 283, 316, 320, 326 
Newman, H. H., Freeman, and Hol- 
zinger, 218 
Nondisjunction, 150-53, 
Nordenskióld, E., 13 
Normality, 175, 177-79 
Normal frequency, curve, 177; 
bution, 177-79 
Nose, 194, 258, 2509, 
288, 310. See Smell 
Notochord, 255, 256, 
287, 306, 307 
Nucleolus, 27. 28 
Nucleoprotein, 60 
Nucleus, 12, 14, 15, 20, 21, 28, 20, 31, 
32. 34, 37. 40, 
132, 
‚ 261, 304: 
205, 211, 215, 216, 231, 
240, 246-52, 260, 268-77. 351: Sec 
Diet, Food = 


156, 180 


distri- 
277, 279, 280, 
257, 269, 283, 


Oat, 197 

Obelia, 40 

Oenothera, 106 

Olfactory. See Nose, Nerve 

Onion. See Allium cepa 

Oogenesis, 130 

Optic. See Eye, Nerve 

Organizer, 192-95. 199. 201, 209. 2 

. 289, 328 

Osmosis, 263 

Otolith. See Ear 

Outbreeding. See Crossbreeding 

Ovary, 50, 182, 191, 198-201, 246, 334- 
36, 338-43. See Gonad; Reproduc- 
tion, organs of 

Oviduct, 155, 339. 342. 344, 346 

Ovulation, Е 345, 346 

Ovule, 58, 

Ovum. See Egg 

Oxidation, 41, 164, 166, 270; rate of, 
39, 40 

Oxygen, 31, 39, 41, 191, 2 

251, 260, 263, 
2 8, 279 
Oyster, 139 


298, 248, 
266, 268, 
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Pain, 288, 322 Р 

Palate, 277, 310; cleft, 76, 310 

Pancreas, 209, 269, 271-73, 274, 
328, 334 

Paracelsus, 48 

Paramecium, 42, 43, 67, 192,185, 229 

Parasite, 2, 54, Go, 124, 136, 196, 254, 
350 Е 

Parathyroid gland, 274, 275, 328, 329, 
334 

Parentage, 95-96 

Parthenogenesis, 129 

Pasteur, 3-4, 7, 13, 50-52, бо, 234, 349, 
351; pasteurization, 

Pattern, body, 190 (See Form); cul- 
ture, 239; developmental, 222 (See 
Homology); molecular, 190. See 
Heredity 

Pea, 81,. 122, 137, 143; independent 
assortment in, 99 

Pearl, Raymond, 367, 368 

Pearson, Karl, 367 

Peattie, D. C., 234 

Pébrine, бо 

Pelargonidin, 183 

Pellagra, 211, 351, 366 

Pelvis, 261, 308, 811, 315. 341; of 
kidney, 285 

Penicillin, 351 

Penis, 246, 337, 339, 344; glans of, 
337, 338, 344 

Pepsin, 272 

Perception, 287-301. 

Peristalsis, 271, 303 

Peritonitis, 350 

Personality, 218, 329-30 

PH, 10, 36, 184, 186. See Hydrogen 
ion 

Phallus, 537, 338-40 

Pharynx, 245, 273-75, 278, 279, 280, 
325; pouch, 257, 265; 269, 273, 274, 
277, 294, 328, 330 " 

Phenotype, 88, оз, 96, 97. 100, 108, 
109, 118, 143, 144, 170, 176, 185-87, 
189, 196, 212-14 

Phenotypic ratio, 85, 89, go, 98, 100, 
101-02, 109, 170, 176, 177 

Phenyl-thio-carbamide, 288 

Phospholipin, 165 

Phosphorus, 59-60, 216 

Photosynthesis, 39, 45, бо 

Pigment, бо, 182, 225, 201; 
carotenoid, 184-85; co. 
169-70, 185; flower, 


25, 


See Sense organ 


nism, Antho- 


cyanin, Aüthoxanthin, Melanin 


Pineal body, 289, 323 
Pitch, 280, 300. See Hearing 


‘Polar body, 10, 192, 133, 226, 
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Bituitary gland, 194, 201, 200; E 
277, 323, 332-34, 349, 343, 2 363, 

Placenta, 247, 248, 252, 257, 2 О; e 
263, 264, 267, 269, x 315: 355 
anaria, 55, 223, 244, 85 2 " 

rie ае дана of generations ү! 
126-28, азо, 181; cell divisions B 
13, 24-25; flowering (seed), 58, 59, 
62, £8, 121-22, 124, 127, 130, ZA 
gametes, 53-64, 130-33; horno 
197-98; sex in, 121 tN 
"n КАЛЫ 122, 22 dom 
reproduction, 43. See Alga, 
Liverwort, Maize, Moss 

Plasma. See Blood " 

Plastid, 25, 31, 60, 131, 183, 18 

Pleodorina, 45, 46 NC 

Pneumonia, 350, 351, 352. 355. 39, 
366 

Poikilothermy, 361 
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Polarity, 5, 191-93, 194 "EA 

Pole, Um pe vegetal, 19! indlé 
226, 234, 235, 236, 239. аррар 

Pollen grain, shape, 104. See } 
spore 

Pollen tube, 57, 62, 1392. 

Pollution, water and milk, 350 

Polydactyly, 76, 187 А 

Polyp. Sea Hydra, Hydroid 

Polysaccharide, 354 

Pons, 323, 25, 82! TN 2, 

Pore, Bel d 246; primitive, 19 
193, 242, 243, 253, 254, 255 

Position effect, 79, 161 Я 28 

Potassium, 216, 382; cyan 

Precedence (epistasis), 169, Hd 185, 

Precursor substances, 167, 184+ 
186, 192, 196, 216 

Preformation, 49-50 5-47 

Pregnancy, 330, 343, 344+ 315-4 Man, 

Primate, 301, 347. See Аре, 
Monkey 

Primitive streak, 242-43, 258, 
256; groove, 243, 254; pit, 2an 

Probability, of coincidence, 1 bina- 
death, 565-66; of gene recon) 
tion, 116; of inheritance, 177. 
Chance 

Proboscis, 244, 245 

Progestin, 342, 345. 346 

Prolactin, 346 s 

Prophase. е Meiosis, Mitosis 

Prostate gland, 341, 344, 364° 

Protection, 240, 246-52, 306 164, 

Protein, 5-6, 42-43, 59-60, 98, 272, 
165, 180, 196, 251, 260, 270, 


254: 


of 
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285, 929, 354, 360; fibrous, 29; hw 
man, 166, 167. See Globulin, Nu- 
cleoprotein 

Protenor, 149 

Prothrombin, 261 

Protoplasm, 5, 9, 10, 12, 18, 36, 42, 
54, 63, 67, 126, 131, 16. 65, 193. 
228, 229, 360, 361; renewal of, 44: 

, viscosity of, 32, 35 x o 

Protozoa, 32, 126, 144. 223. 361. See 
Aggregata eberthi, Ameba, Chilo- 
monas, Gregarine, Sporozoa 

Pseudopod, 123, 241 

Pteridophyte. See Fern 

Ptolemies, 143 

Ptyalin, 276 

Puberty, 330, 335. 386; 310-43, 361 

Pupil. See Eye 

Pure line, 43-44 

Putrefaction, 3-4 

Pyronema, 67 


Quadruped, 308, 312 
Quinine, 28, 350 
Quintuplets, 219, 227 А 


Rabbit, 41; albino, 88, 92-93; chin- 
chilla, 93; Himalayan, 92-93; mul- 
tiple alleles in, 92-93; 164, 168, 345, 
346 

Rabies, 351 

Васе, 96-97, 156, 157; 
172-733 prejudice, 174 

Rat, 15, 41, 168, 215, 350, 353, 


intermixture, 
358. 


359 

Ray (elasmobranch), 257 

Reaction speed, 356 

Recessiveness, 82, 83, 87, 88, 90, 92- 
93, 100-02, 107, 109, 143, 158, 168. 
170, 174, 175 184, 185, 196, 246. 
See Allele У 

Recombination, 147, 156, 162. 
‘Allele, Chromosome, Gene 


Redi, 49 

Reduction, 39, 40, 129- 

Reflex, 280, 281, 319. 322 
926, 327; АТС, 318 3 

Reproduction, 7, 9, 10, 12, 19, 122-24; 
asexual, 42-47, 128, 189, 241; M 
flatworms, 246; in Hydra, 240, 241; 
organs of, 121, 199, 198-201, 243, 
246, 250, 286, 335-13, 364 (See Duct, 
sexual; Gonad, Ovary, Testis); re- 
productive (germ) cell, 8, 11, 53-71 
103, 125, 128, 129, 131, 133, 139, 
149, 150, 189, 198, 200, 231, 251 
(See Sex, cell); sexual, 53-71, 80- 
120, 124-33, 241, 33447 


See 


See Meiosis 
324, 325, 
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кебше, 223, 236, 238, 248, 250, 257. 

261, 267, 277, 392, 295, 496, $i. 
320, 344 


Resonance, 280 ^ 
Respiration, 41, 231; 240, 246-52, 257. 
збо, s65, 277-82, 326; respiratosy 
disease, 366. See Cold, Influenza, 
Pneumonia, Tuberculosis 
Response, 197, 240; 260, 301-16; max- 
imum, 186-88 
Retina. Sec Eye 
Rhizopod, 32, 58- See Ameba 
Rhodnius, 195 
Rib. See Bone 
Roller, Duane, 19 
Rose, 137 
Roundworm, 248, 
Ascaris 
Roux, 14 
Rudiment. See Bud 


253-54, 256. See 


Sacculus, 294, 297. 298. 299- See Ear 


Sacrum. See Bon 

Salamander, mitosis in, 20-22; Sala- 
mandra maculos 2, 23, 182, 192, 
209, 242, 257, 267; sperm, 58 

Salivary gland, chromosome, 17, 18, 
7g, 118, 168; human, 276, 325 

Salt, 25, 39, 59, 125, 164, 260, 270, 
302, 307, 330 

Salvarsan, 350 

Scales, 235 

Scapula. See Bone 

Scarlet fever, 351. 353 

Scheinfeld, А., 77 

Schleiden, 7 

Schrader, F., 35 

Schwann, 7-8 

Sciara, 30, 84 

Scrotum, 337, 340 = 

Ѕсигуу, 351 

Sears, Р. B., 163 

Season, 138, 140, 241, 303 

Sea urchin, 35, 60, 129, 134 

Secretin, 272, 328 

Secretion. See Gland, Hormone 

Segment, mesodermal, 255, 256, 282- 
85, 304, 307, 316, 326 

Segregation, 147, 162. See Allele, 
Chromosome 

Seifriz, W., 38 

Selection, artificial, 43, 44, 214; natu- 
ral, 13, 143, 154, 161, 222 

Semen, 341, 344 

Seminal vesicles, 341 & 

Senescence. See Ageing 

Sensation, 240 

Sense organ, 235, 243, 287ff., 316. See 
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Ear, Eye, Nose, Nerve, Tongue 
Sensory cell, 240, 241, 245, 288, 297, 
299, 300 н wi 
Serum , (treatment, Immunization), 
351. See Blood, serum a 
Sex, 18, 42, 116, 215; biopotentiality, 
134-38, 153, 162; cell, 65, 136, 201, 
286, 335, 336, 341 (See Reproduc- 
tion, cell); definition of, 53, 123, 
134, 135; determination, 120, 129, 
136, 139, 140-41, 144-46, 147-57, 161, 
162, 334; differentiation, 133-37, 
198-201, 259, 330, 332, 334-43; ge- 
netic basis of, 121-62; heteroga- 
metic, 156, 157; inter-, 135, 153, 
156, 199; isolation of, 121, 122, 135, 
138-47, 157, 162, 254; linkage, 140, 
157-62, 181; mechanism of, 121-24; 
multiplicity of, 135, 146, 147; organs, 
136, 140, 200-01, 209, 241, 284, 287, 
335-44; ratio, 140, 154-55; reversal, 
135, 139, 162, 199, 200, 338; sub- 
Stance, 134; urge, 343. See Chro- 
mosome, sex; Female; Gene, sex; 
Male 

Shark, 257, 336 

Sheep, Ancon, 72 

Shepherd's purse (Bursa), 174 

Shoulder, 264, 306, 311, 312, 818, 341 

Silkworm. $ее Moth 

Simms, Henry S., 365, 366 

Sinus, 261; of head, 280; urogenital, 
269; venosus (See Vein, trunk) ^ 

Skate, sperm (Raja), 57 

Skeleton, 305, 306-16, 329, 330, 333 

Skin, 295; 243, 288, 290, 891-03, 310, 
316, 330, 331, 333, 350, 364, 366; 
pigmentation, 77, 170-74, 175. See 
Albinism 

Skull, 204, 208, 293, 296, 297, 304, 
307, 309 

Smallpox, 349, 951, 353 

Smell, 320, 329, 324, 32. See Nose 

Smith, Н. W., 278 

Snail, 34, 210, See Crepidula 

Society, human, 232-94, 324, 370 

Sodium, 216, 332 

Soil, 136 

Sol, 9, 36 

Solar plexus, 327, 331 

Solution, hypertonic, 
potonic, 35 

Soma, 11, 78, 189-90 

Specialization, 190, 224, 230-39, 70. 

See Cell, differentiation эз) 

Speech, 280, 322 

Spemann, H., 201 

Sperm (spermatozoon), 


34, 35, 125; hy- 


5, 10, 34, 49, 
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© 60-65, 68, 82, 84, 98, 99, 103, 121, 
125, 190, 132, 134, 146, КОЙУ i 5 
56, 191, 225, 227, 241, 246, 2t т 57 
835-37, 344, 355; animal, 55, $7; 
human, 54-55, 56, 339. 341; DS 
piece, 55, 61; plant, 55-58; typ 
of, 57. Ste Gamete 

Spermatogenesis, 130 dne 

[ie эн See Plant, flowering 

Sphaerocarpus, 145 

Sphincter, 272 

Spinal column. See Backbone: zm 

Spinal cord, 192, 242, 255, p 6 
307, 308, 316-20, 32 Es at- 

Spindle, 12, 13, 27, 62, 63, G5, G87 75 
tachment (See Centromere); | P 
larity, 34-35; central (accessor Me 
22, 23, 29, 33; fiber, 21, 22, 29 al- 
mation, 25, 28-30, 33-35, 36; 2267 
30, 34; orientation of, 131-32, 22 
true, 23-24, 29, 34 

Spirogyra, 125, 126, 127 

Spleen, 209, 260, 261 

Sponge, 2 9 - 8-52 

Spontaneous generation, 2-7, ТӨРЕ 

Spore, 4, 45, 47, 53, 124, 125, 127) 
129, 130, 133, 137, 359 

Sporophyte, 127, 128, 145 

Sporozoa, 58, 126 

Squash, 138, 208 

Stanley, W. M., 5 

Starch, 27 992-34) 

Stature, 178, 180, 216, 259. 332 
360 

Stenobothrus, 30 S ors BOB 

Sterility, 150, 151, 153, 156, 201, 

Stern, Curt, 109 

Sternum. See Bone, breastbone 

Sterol, 59, 165, 193, 339 

Stirrup. See Bone 40, 272 

Stomach, 209, 210, 248, 269, 27% 

273, 274, 303, 325, 328 
Strasburger, 12, 18, 14, 103 
Streptococcic sore throat, 350 G. М. 
Sturtevant, A, H., 11$; and G. 

Beadle, 181, 185 
Suffocation, 279, 280 72; 
Sugar, 39, dodo 238, 269, 271, 27 

288, 331, 354 
Sulfur, 39, 40, 216 
Sulfa drug, 297, 350, 351 
Sulfhydryl, 39, 40 
Surface tension, 32.37 
Sutton, W. S., 104-05 
Swammerdam, 4 
Sweet реа (Lathyrus), 105, 175 243) 
Symmetry, bilateral, 191, zen 242; 

246; axes of, 191-93, 201, 208, 
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planes of, 191, 201; radial, 241. 
See Asymmetry 

Sympathin, 327, 381 

Ѕупарѕе, 318-19 

Synapsis, 65-67, 149 

Synchronization, 26, 33, 67, 128 

Syngamy, 54, 62-64, 67, 1, 80-103, 
108, 118, 120, 123-28, 131, 133, 134, 
137, 139, 140741, 144-45a147 HO 152, 
154, 157, 161, 162, 171-73. See Fer- 
tilization 

Synthesis, 6, бо, 164-67, 169, 170, 175, 
184, 197, 260, 331; dehydration, 
165-67 : 

Syphilis, 550, 353 


Tail, 192, 242, 2: 
304, 306, 308, 

„55, 58, 61 

Tapeworm, 350 

Taste, 245, 288, 322 

Teleology, 221-22 

Telophase. See Mitosis 

‘Temperament, 218 

Temperature, coefficient, 41; gffect of, 
31, 36, 41, 116, 125, 186, 189, 212- 

„14 303, 323, 329, 361 

T endon, 210, 305, 815 

Tentacle, 239, 241 

Testis, 198-201, 246, 285, 334-36, 338- 
41; tubules, 335, 339, 341. See 
Gonad 

Testosterone, 338 

‘Tetrad, 65 

etraploid(y), 27 

Thalamus, get 322-25, 927. 332 
1eclin, ‚ 342, ) 845, 346 

Thigh. СА ine Boras 

Thompson, D'Arcy, 32, 206 

Threshold, 186-88, 193, 200 

Throat, 304. See Pharynx fe 

Thumb, 313, 315, 316 

Thymus, збо, 274, 275, 330, 364 

Thyroid gland, 211, 269, 273, 274, 
328, 329-30. 334, 345 

Thyroxin, 200, 329, 330, 334 

Timbre, 301. | 

Time, physiological, 364 g | 

Tissue, 221. See Connective tissue; 
Lymph, tissue 

"Tissue-culture, 37: 44 304, 362 

Toad, 58, 257: 267; sperm, 57 

Tobacco, mutant, 72 

Toe. See Digit В 

Tone, muscle, 288. See Hearing 

Tongue, 269, 275» 279, 280, 288, 310, 
925. See Taste 

Tonsil, 275, 364 
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Tooth, 204, 209, 276-77, 280, 329, 359, 
364; cement, 276; dentine, 276; 
enamel, 235, 276; pulp, 276 

Tortoise, 358-59 

Touch, sense of, 28 

Trachea, 269, 2 
330 

Trait, physical, 218, 219; relation to 
genes, 168-80, 185, 214; sex-linked, 
158-60, 181, 196. See Allele, blend- 
ing, dominant, recessive; Character; 
Environment, and heredity; Hered- 
ity, and environment 

‘Translocation, 105, 106, 109, 147 

‘Transplantation, 181-82, 192-93, 194, 
196, 209, 333 

Trichina, 350 

Triploid(y), 152; endosperm, 62, 133, 
184 

Trunk, 193, 205, 306, 308, 333. 
Body 

"Trypanosome, 58 

Tschermak, 81 

Tuberculosis, 338, 349. 351, 353, 357, 
366 

Tubule. See Excretion, Testis 

Turpin. 7 

‘Twins, 199 19,°227, 288, 347, 353, 
369; Schweizer, 217 8 

Tympanic cavity, 

Tyndall, 3 

Typhoid fever, 4, 349 öy 

Typhus fever, 349. 350, 35! 
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294. See Ear 


269; arteries, 2 
Urea, 238, 270 


340 
Urine, 251, 285, 286, 303, 
Urogenital ridge, 284, 335 
Use, effects of, 210-11, 282, 305 
Uterus, 59, Go, 136, 155, 200, 2 

236, 238, 246, 251, 257, 303, 315, 

346; mucosa 


Utriculus, 294, 297, 298, 299 


Vacuole, contractile, 32, 123; sap, 229 

Vagina, бо, 293. 315, 337, 33! 0, 
344: major lips, 337, 340; minor 
lips, 337. 340 

Van Beneden, 13 

Van Helmont, 48 

Variation, 42, 43. 352; еЁесї of link- 
age and crossing over on, 103-20, 
162; in environment, 187; environ- 
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mentally caused, 53, 164, 178, .80; 
hereditary, 20, 53, 71-80, 80-103, 
103-20, 121-24, 161-62, 178, 359; 
normal, 177-78, 186, 188, 333; quan- 
titative, 175-80. See Chromosome, 
„assortment; Gene, Heredity, Re- 
“combination 

Variegation, 181 

Vein, 250, 256, 262, 263, 265, 270, 272, 
284, 335; pulmonary, 268; trunk 
(sinus venosus), 266, 268; umbilical, 
262, 269 

Ventricle, 266, 267, 268 

Vergil, 48 

Vertebra, 307, 308, 310, 311. See 
Backbone 

Vertebrate, 74, 82, 129, 160, 181, 199, 
223, 248, 273, 281, 311, 315, 320, 
324. See Amphibian, Bird, Fish, 
Mammal, Reptile 

Vestigial organs, 224, 312 

Viability, 74-77, 169, 222 

Villus, 238, 247, 252, 272 

Virchow, 7-8 M 

Virus, 5-7, 43, бо; infantile paralysis, 
Б; influenza A, 6; rabies, 351; to- 
bacco mosaic, 5-6 

Viscosity, 9, 35-37 

Vitamin, 6, 211, 219, 346; A, 184, 216; 
K, 216, 261. See Acid, nicotinic 

Vitellin, бо 


Vision, 320, 322, 324, 325. See Eye 


Vocal cord, 280, 310, 341 
Voice, 280, 341 


Volvox, 45, 46, 124-26, 228, 290- 
Von Baer, 50 г ж 


Wasp, 129. See Habrobracon 
Wastes, 238, 245, 250, 251, 260, 263, 
270, 282-87, 361. See Excretion 
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260, See Synthesis, dehy- 


dration чи 50 
Weight, 175, 178, 179, 216, 259, 360 
Weismann, August, 11 


Wells, H.«G., Huxley, Wells, 90, 155 
Will, free, 
Willow, 1 
Wilson, 1 
Wilson's dis 
Windpipe. 5 
Wolll, 49 
Womb. See Uterus 
Worm, 129, 303; segmente 
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d, 248, 281. 


Flat- 
See Bonellia, Earthworm, I 
worm, Nereis, Roundworm К 363. 
Wound, healing (cicatrization), 


64; infection, 350 
Wrist. See Limbs 
X-chromosome, 146-56, 158-61, 334 

attached-X, 16-17 
X-ray, 5, 17, 77» 105, 

275, 330 


106, 116, 211, 


-61, 
-56, 158 
Y-chromosome, 146-51, 15475 
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Yeast, 43 

Yellow fever, 349, 353 

Yolk, 58, 62, 191, 225, 27 
236, 249, 251; composition 4^ 

Yolk sack, 236, 237, 247, > 
253, 254, 260, 262, 268, 


6, 229, 234 
Sion of, 59 
252, 


Zea. See Maize 

Zygote, 11, 54, бо, 64, 83-5 
124, 125, 126, 131, КЕ 
144, 148, 189, 210, 215, 
236, 342, 345 
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